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It  is  the  object  of  the  present  vohune  to  enable  the 
general  reader  who  desires  informatiou  on  the  various 
branches  of  physical  geography>  or  the  student  who 
wishes  to  be  aware  of  its  general  scope  as  a  science,  to 
obtain  an  outline  of  the  main  facts  in  language  as 
simple  and  delinite  as  possible. 

Physical  geogtaphji  regarded  as  a  science,  doe&  not 
admit  of  being  treated  in  such  a  manner  as  to  render  it 
light  reading.  It  involveB  not  only  a  statement  of 
numerous  facts,  but  a  great  classificatiou  of  fa^ts  and 
much  close  reasoning.  It  is,  no  doubtj  of  deep  interest, 
and  concerns  us  all  veiy  nearly,  but  like  other  subjects 
of  real  importance,  it  needs  an  effort  on  the  part  of  the 
reader  to  appreciate  the  array  of  facts  and  observation* 
OE  which  it  is  based,  the  labour  of  reducing  such  obser- 
vations to  systematic  resultSj  and  the  deductions  drawn 
from  the  facts  and  geueraLisations. 

Physical  geography  occupies  at  present  ft  definite 
position  as  a  science.  This  position  is  different  from 
that  which  it  occupied  fifteen  or  twenty  years  ago^  when 
the  only  works  of  importance  concerning  it  in  our  lan- 
guage were  prepared.  Many  of  the  statements  and 
facts  recorded  in  those  volumes  arc  of  course  atill  \a.lw- 
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able,  but  the  process  of  discovery  in  Tarious  directions 
has  rcnderecl  information  more  precise,  and  haa  Justified 
inferences  and  conclusions  sometimes  rery  difierent. 

The  present  volume  does  not  claim  to  be  complete. 
It  is  an  outline  carefully  prepared,  and  is  Intended  to 
supply  a  Berioua  want.  It  does  not  profess  to  skim, 
merelj  over  the  surface  of  the  science,  but  neither  does 
it  pretend  to  fathom  the  depths.  It  contains  many 
I  carefully  arranged  facts  and  statements  in  the  various 
departments  of  physical  geography^  and  legitimate  de- 
ductions from  them.  In  expressing  these  dcductioniS, 
the  Anthoi"  has  perhaps,  in  some  casesj,  given  his  own 
views,  without  pointing  out  that  other  physical  geo- 
graphers and  geologists  have  expressed  and  still  hold 
different  opiniona.  It  was  not  his  object  to  enter  into 
a  discussion  on  any  subjectj  and  he  only  desires  that 
generalisations  should  be  estimated  at  their  true  value 
and  according  to  the  evidence.  He  believes,  however^ 
that  where  the  conclusions  arrived  at  differ  most  irom 
popular  notions,  they  are  not  inconsistent  with  the 
views  of  those  who  are  recognised,  both  in  England  and 
on  the  Contiiient,  as  the  ablest  pioneers  of  science. 

It  has  been  decided  not  to  accompany  this  volume 
with  maps  and  illustrations.  The  Physical  Atlas, 
originally  pubhshed  by  Bcrghaug,  and  admirably  ren- 
dered into  English  by  Mr.  Johnston,  still  remains  the 
best  and  moat  useful  work  of  its  kind.  The  smaller 
English  Edition  of  the  Physical  Atlas  will  be  found  a 
valuable  companion  to  the  reader  in  making  use  of  the 
following  pages. 


London,  IROb. 


The  Author  cannot  allow  the  present  volume  to  be 
published  in  America  without  acknowledging  the  great  j 
and  important  contrihutions  to  Physical  Geography  that  I 
have  been  made  by  Americana.  Not  ouly  is  the  map- 
ping of  the  Atlantic  basin,  first  in  general  outline  and 
then  in  detail,  largely  due  to  the  ohaervationg  and 
enquiries  of  Captain  Maury,  and  the  replies  to  his 
queries  by  intelligent  ship  masters,  but  the  whole 
science  of  Hydrology  has  beeu  advanced  by  other 
American  inv^tigatora.  To  Mr.  Marshy  United  States 
Minister  at  Florence,  we  owe  the  admirable  essay 
recently  published,  entitled  "Man  and  Nature ;'*   to 

PProfcssor  A^assiz,  as  an  American  rather  than,  as   a 
Swiss,  numerous   important   roenaoirs,   zoological  andj 
geological,  while  the  publications  of  the   Sraithsooiani 
Institutes,  admirable  as  they  are  throughout,  have  been 
in  no  departments  more  valuable  than  lu  those  that 

^bear  on  our  subject;  and  the  geological  reports  of  the 
Jnited  States  surveys  all  contain  important  chapters 

PcoTiecrning  the  physical  geography  of  the  districts 
examined.  It  must  not  then  be  supposed  that  if  in  the 
foUowing  pages  it  has  been  thought  well  not  to  crowd 
the  pages  with  references,  the  work  done  by  American 
and  continental  men  of  science  is  overlooked  or  neg- 
lected. The  book  itself  is  no  more  than  a  record  of  the 
[^resent  state  of  a  science  which  has  been  advanced  by 
many  and  laborious  inveatigatorsj  to  all  of  whom  thants 

_and  credit  are  due. 

D.  T,  A. 
33,  BruHstPtei:  Square,  London. 
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GteaCral  outline  of  tiie  planetary  BvstEni.  Eiiatencc  of  etlier.  In- 
cessant and  vnrieil  motione  of  inasaes  of  ma-tter*  Nftture  of  the 
forces  that  atfet't  mutter.  Motion,  an  exprcasioa  of  heat,  ligbt, 
and  ■electricity,  and  convertible  into  on&  or  otlier  of  tliam. 
Spherical  form  of  the  heanenlj  bodiea.  Position  of  tht?  earth  in 
tUa  soLlt  Bjetem.  Magnitude  of  tlie  t^rth — ita  euperllcial  uiva 
aud  aoUd  content.  DistEtace  of  the  moon.  Bir4ict  of  tliu  mooii 
on  air  aud  ocufln.  Distance  of  the  etu-tli  from  the  Bun.  TWsuJtB 
of  eicentTicitj  or  aUoration  of  the  elliptic  orbit.  Details  of  pre- 
sent aud  former  esceutricity.  Euvolution  of  the  Biurtli  round  the 
Bun.  DimenaioTks  of  tho  aun.  Consorpation  of  tho  equilibrLimi 
of  the  solar  a^aterc.  Relation  of  our  solar  B;B.bgm  iribh  p&rt  of 
the  Btcliar  sjBttsni. 

Condition  of  th^  earth's  int&riop.  Slow  succtHslon  of  deposits, 
Nature  of  underlying  rocks.  Temperature  of  the  Interior  of  tlie 
eartli.  Density  of  rocks  and  of  Lh>a  ■saj-th,  O&lculatioUij  iH>n- 
cernin^  the  thickneBs  of  the  earth's  eruet,  MEiturial  olomcntft 
— the  wide  range  of  sannj  of  them  throughout  the  uniTerae. 
Three  forma  of  matter— soJid,  JifjtuicJ,  guci  gaseous.  SUtea  ra 
which  the  moai  iaijjortaat  ehmsuts  and  OOtttbliitttlqTi'a  U6UbW^ 
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exist.  Behariciur  of  ccrtakk  ele^Etita  and  cotubbsHons  on  ex- 
posQie  to  heat.  Eteraents  Hmuwn  und  employed  iit  their  aiinple 
e^tltes.     Important  combmstians  of  elem^ntg.     T.irnit  of  natt^flJ 

Importance  of  oijgen  Me  &Dd  the  part  it  playa  in  nature.  Hy- 
drogen and  its  conibmatioiae.  Nitrogim.  Ch!orine.  Silidom. 
Aluminium.  liats  of  elements  and  aiiuple  ccrmbinatioti^.  Law 
of  definite  proportions.  Xature  of  raintureB.  Importance  of 
wuter  in  carrying  on  tUe  operations  of  nature.  Eiefftire  affinity. 
Cause  of  change  In  the  inatemla  forming  the  earth's  crust. 
Limitation  of  phjaical  geograpb^r  and  dinfions  of  the  9u1>ject 
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'Force  of  gravitation.  Force  of  cohesion.  ParticleB  of  matter  ne^er 
in  actual  contact.  Chemical  BiCtion.  Vital  enerj^.  Converti- 
biiitj  of  motion  find  hest — Tftrious  Ulustrationa  of  tliis.  Aero- 
Utli£.  Qii&ntitj'  of  Lcat  gcnQrated  hj  the  same  aniomnt  of  force 
inrariablp.  ICfSult  of  impact.  Calculated  restilt  of  impai^t  of 
pL&tLet9  with  each  other  or  with  the  sun.  N&ture  of  heat  &a  ft 
form  of  motion.  Unusual  conditiona  of  the  fiction  of  heat. 
Conduction  of  heat  hj  different  bodies.  Conduction  of  elec- 
tricity. DcTelopmemt  of  heat  by  {iasBfige  of  an  eleotric  current. 
Probable  nature  of  the  laotiTe  power  deTeloped  by  electricity. 
Nature  of  light.  Comples  condition  of  niya  from  the  sun. 
Oscillations  and  vibrations  only  appreciated  by  the  setiaes  within 
certain  limits.  DiU'erence  betwean  wavea  of  ligiit  and  wares  of 
sound.  Transp&n.'ucy  to  bght  and  heat  not  ideutlcal.  Example 
of  in^e  and  water  aa  contrasted  with  gla&H  and  air.  Wat-er  n^ot 
transparent  to  heat-  Importwit  cotisequeuct'S  of  this  fact.  Ab- 
sorption and  ^diatlon  of  heat  by  vapour  In  the  atmospliere. 
Abaarption  of  raja  which  oro  emitted  by  bodies,  not  tranepsrent 
to  beat  {diaihermic). 

Clifmicul  ac^ioll  e.  form  of  motion.  Tte  Actioiv  in  eombioatiion  and 
decomposition.  Electricitj  developed  by  lioafc.  Ek'utricity  pro™ 
dncea  magnetism.  Kektions  of  yital  force  with  the  other  chief 
foriDSi  of  ioTCB.  Indestruetibility  of  forcQ.  Importance  of  & 
knowledgo  of  physicp  to  tha  etudcnt  of  pbjeicai  geogi-aphy. 
Nature  of  polar  forcej^.  Majyinetiein  and  dia-magn'stism.  Poei- 
tion  aseimaed  by  a  auspendcd  mafnet.  Yarintion  of  t)iis  posi- 
tion. Lines  of  no  Toriation.  Deflection  <}£  the  needle.  YariR- 
tion  of  the  mpgnetic  intensity.  Magnetic  Btorms.  Aurora, 
borealis  and  auBtralia         ........     18 
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iiogy  neceBBary  for  the  atudj  of  pliyflieal  gpogrftphy*  Uae  of 
palffionfology.  1.  Sacks  and  their  saper'po^HiaH.^-CatnpoBiliozi 
of  rocka.  Fimdsmentfll  rock,  G-miiita  not  a  siraplo  rock. 
Tarieties  of  ^ranita,  Histoiy  aind  pOaition  of  granito.  FJaSlires 
in  granitp  ana  mineral  veinB.  Value  of  graniite;!.  Cireuni*tane&B 
TrndoT  which  the  granitBB  hare  Imwii  farmed..  TFator  present  in 
granitca-  Trap  and  b&aalt.  Esso-lt  an  ancient  lnvn,  StratifiiMi 
granite  or  giiiei?^.  Seliiats — thetr  natuir  aad  Origin.  Slnte-a  a.ud 
their  origin.  Slates  exhibit  reflulta  of  aquBezirig.  BoGka  avear- 
lying  the  slates.  Me^tanical  ^ccuniuliitiona  and  Toanltfl  of  or- 
ganic life.  General  unifofmttj  of  lutttijpifll  of  which  tlie  eortk's 
crust  IB  made  up. 

2,  Order  aad  distarhanfye  of  siratiftcaiion. — StrHtiiiCEtion  dne  to 
wat-cp.     Toajtion  in  which  strata  have  been  accumulate*!,     Im- 

Eoasibilitj  of  th«ip  being  risible  if  it  bad  not  becrti  for  much  and 
■equent  breokine  and  Ufting  of  defjo^ita.  Probable  Idstopr  of 
the  chongo,  and  result  of  denudation.  Hesulta  of  uphraral. 
Abaence  of  definite  order  of  minerals  in  all  atiotified  d<^pOeit9. 
Tdentificfltioni  of  atrata  bj  their  orgiaiiic  oootenta.  Earliest 
fonns  of  orgfiTiic  eii&tence.  Wfitiufe  of  the  anccea&ion  of  rocka  09 
indicated  by  fosaila.  Absence  of  proof  of  BOntmuoua  liistorj  by 
advancing  (j'pes.  General  aub-diTiaioa  and  grouping  of  rocka. 
Ifftture  end  Taeanuig  of  the  principal  grnopa.  Indicationa  of 
time.  Qub-difiaionfi  of  tin?  oldtf  or  jib1h>oiolc  group.  Lait^ea.- 
tiaiiy  Cambrian,  and  Lawer  Silitrian.  Upper  Siliiria}*  and  Ite- 
cottian.  CarioniffTOits  system.  Fenuan  roehr.  Lime&tone, 
sondiitoae,  and  olaVi  *^'id  modificationa  of  them,  with  nuniemus 
conglomerat-t^,  oil  toxmd  nmong  pulfiDozoid  FDck&.  Their  sequeni^ 
defermiued  hy  fossiU. 
Sccondarj'  or  ■maaazoic  Tocks.  Preralenoa  of  limi^stonea  during  this 
period  ia  many  ptirta  of  the  wo^rld.  New  red  ^undstone.  Litu. 
Oatitio  te-riej,  W^ealden.  Chaik.  InlcTyill  betwnecii  aocondary 
and  tertiarj^  rocks.  Distribution  of  minerala  among  tertiary 
rockB  of  Europe,  QurfticfldL'poaita  of  {^itbI,  aand,  and  boiiildera. 
General  cotidtisiona  concoming  the  ducoesaian  of  rouka  and  tUeiF 
relation  to  auceoasivii  forma  of  life. 

3.  Meiamorphosw. — Tiature  of  the  changefl  thatliflTe  aJFcKif-wl  rocta. 
ForwB  that  have  actod  to  prodnce  thpap  changes,  Iiiflueijco  of 
water  in  produoing  ohange.  AbsBnCf  of  evidence  of  mi-lting  heat 
affecting  atratiBed  rocks.  ModilinafcionB  of  limestone.  M«talli> 
ferous  ores  fouad  in  Limestone.  Watar  the  causf;  of  such  reaulta. 
Clays  Bs  aqueoQS  rocka.  Convereiou  of  cl&yA  into  shulan  and 
slaiee,  dun  to  water.  Filling  of  TfliDS  ond  slatea,  a  ifflsult  oS 
TTBtPT  ^etipB.    OrtmJte  sa  ooimected  with  water.    All  gratiWd. 
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tO^«  £bnii£d  iritb  vnter.  Quiet  ruilure  of  clunge  and  paienl 
ahiBnco  of  cmtaetiaphe*,  Circuiatioa  and  moreaieot  in  ihe  ia- 
terioT  of  tlw  eartli  not  mcoimateot  with  Outward  tiaDqiiillit;. 
CoQclbaiou  that  there  haa  nlwars  been  a  circulalion  of  water 
recoEurtmcliag  and  reprodudog,  w  weU  me  A^trojmg  mid  veer- 
ing Biraj  the  Tuioua  rocka         ....... 
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Irregulflrily  of  the  esrth'a  surlace.  The  a^^tmsl  ^tate  of  the  Eur&ce 
liable  to  chiingc.  Pttseut  cOQiigural ioD,  that  moat  unportant  (d 
us.  Grouping  of  Land  ioto  continents  and  islands.  Dimensions 
of  tracts  of  Ijuid  ystj  variftble.  Poattion  of  land  Terr  peculiar. 
Prepoadertiace  of  Und  in  oae  bemisphere.  Inquiry  if  there  is 
anj  C8UB0  for  eUcli  difference.  General  atntt.'nient  of  distribution 
of  land.  Pn^ition  of  tlie  hemiapbere  of  maximum  land.  Nature 
of  tba  pTOtabepaupe  producing  ex^^^s  of  land  in  one  bemi^bere'. 
Speculations  eoocerniiig  the  cause  and  permanence  of  thj*  pro- 
Iniberance.  Vett.'^miin&l LOn  of  oireana  hy  tbc  position  of  the  land. 
Eelative  amallne^a  of  ths  deptb  of  water  and  hetg^bt  of  moun- 
taina.  SmaEnpss  of  tbe  average  slopes  leading  to  the  hig^iesi 
Slid  lowesft  poitit^  Import^inee  of  irregularities  of  surface  on 
cLimotB.  Distribution  of  tlic  land.  High  and  low  plateumc,  and 
plaina  near  the  Bea.  Deep  gorges  (nntr^ted  with  raonntatn 
ehains.  ITalleyH,  aa  diatinL-t  from  mere  gorges,  Fopm  and  area 
of  land  llabla  to  cbmigi^.  Fobi<ible  origin  and  ejLtcut  of  such 
cbangG.  Iiuniting  line  of  sea  and  land.  AdTant.ageH  of  a  broken 
coast  line. 

Ifatural  irregulEiritiea  of  the  surface  of  the  land.  Coutincnts  and 
ialnnda.  lalaads  parts  of  submerged  coutmeiitB.  Poaitioa  of 
tbo  great  oautiaent.  Diinensioind  of  the  great  continent. 
Fringes  of  iwlanda.  Pyramidal  terniiuQ{ian  of  the  land.  Lliis- 
tratione  in  vanous  parte  of  tbo  wo'rld.  Total  lengtk  of  tke 
geogmpiiLC&l  axiB  of  the  old  workL  Direction  of  thia  axis.  In- 
flilcncB  of  ita  direction  on  climate.  Details  of  coast  hncs. 
Euitipe  and  Af  LA  OEie  contineiit,     Exteniii^d  cuast  line  of  l^uropeu 
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PropoTtion  of  Bjea  to  fach  mile  of  coast.  Cooat  of  Aauk  con- 
Bldered  alolip  aad  with  Europe.  FroportioD  of  area,  to  s.  mDo  of 
coost  ill  ««<!!li  eaae.  CooBt  line  of  Afrioa.  Large  arsa  to  wu'li 
mUe  off^onat,  Iiijepenw  from  tlu§  fact-  Auipries  &ud  its  coiiet. 
North  Ameriwi  compart-d  with  South  AmertcH  in  tho  proportion 
of  area  to  etich  mile  of  cosst,  Aufltraliiiii  cr>as(  line  and  Us  pco- 
port.ion  to  the  whole  land.     Advantflge  of  a  broken  line  of  coast. 

Genoial  nature  of  the  land.  Platcaui  ov  liijtih  iilains  of  Enrope 
and  Asia,  f^teppei  of  Kusmiu  Low  plains  and  ^alieyB.  Eiders 
and  waterfalls,  Fewnpas  of  tlHTf^Tits  anrl  waterfalls,  Ab^euee 
of  matiy  \ntge  Iflkes  La  Asia.  A&ioaii  mountains  aai  plains — - 
lie  lakoa  and  riTers.  Auiflrtcim  fentiiren— ita  mountain  chains 
and  riTBTB.  Auatraliu — its  lerel  Burfawandabflencqof  raountaiija 
and  iriTPra,  in  proportion  to  its  magnitndo, 

Islaiida — their  gsuerul  uatare.  DilTtfrt-nt  Dngin  Crf  ifilonds.  ladiBa 
Arcliipelnjjo.  Grandeur  of  aointj  of  the  ialaod^.  Taet  mulititudu 
of  iisl&ntJs  of  iQodcTat^  dimen^ion!^.  I&londs  of  thi;  South  Fari£(; 
— eitPBt  of  submerged  coiitiuent  Ludincted  by  tlieae  islands*  Tho 
caoo  of  coral  isbinds  o^  bcarhig  ua  tbu  history  of  Lalauds.  Large 
extent  of  ^ubmergeii  arc^a.  li&Mada  iniiuate  theanuient  liis'torjr 
of  the  earth, 

Direotioa  nud  amount  of  the  alopea  of  iofty  mountain  ciiajn^. 
Diil'erence  of  the  Btecpne!i>9  an  the  two  aidea.  Fosittou  of  Cul- 
ninatJng  points  of  mountain  chains.  DnL^ressions  in  oceans  pro- 
bably correspond  to  TDQuntaiDa  on  land.  Contraat  twtwwn 
Europe  and  Ainfricii  aa  mountaincpus  coiintrii^s.  Pklna  are 
cbarauteri^tie  of  America.  Great  rivei^  and  lakcA  also  remark- 
abl«?  features  of  tliat  tontinent.  Aufltraha,  the  laud  of  uuwatered 
plains,     Certain  groiips  lif  iiland*  ri&eto  some  culminflting  point. 

Connecting  link  betwt^e^  phyBicnJ  geography  and  geolo^-  Theo- 
retic TJew?  of  ihfl  earher  ^ologietti.  yupposcil  great  euDrgy  of 
forces  in  aiicient  times  not  proved.  Ko  evidence  of  the  flrat  in- 
troduction of  lifo.  NatTiPs  of  thif  development  that  eoeins  Iracff- 
able  in  thu  prepiralion  of  the  earth,  j^nomioua  Ji;nudatii}n  uol 
eiiififiently  taken  into  UKJOunt.  Age*  of  th«  great  mouutu-iu 
chainp.  Abeeuce  of  utiy  definite  Hinits  of  land  and  water.  Ab' 
h  Bsnce  of  clue  to  the  first  condition  of  the  earth 
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nce  of  monntuias  m  pliysioal  geography.  Only  tvro  great 
iain  ases.  iJreftt  elevation  not  tbe  only  eadi^'utiftl.  The 
two  independant  chains.  Detatls  of  tho  grout  mountain  syatum 
of  tha  Old  World,  Alpine  syateia — its  DhamctcriBtici,  Eu9tvmi 
division — width  of  the  chain.  EHeet  of  d^rmdittioa  on  the 
jUps.  i'jrBneflU  cbutn — subiiLTifiious.  GHacitirs  of  the  Pyrenees. 
jCtirpathiun  moLiotoiiis.    Bhiaria  Aipg.    Balkan  rancp.    Gftftek 


.fa.).      CriMIMJ 


IfMahiM  Amu 
Tfili—  w—n  «Md  Eml    Ahj^ 

I  B^h  Ifct  ■IIIMlMIl  llf  iBllMl 

i^MioK.  TW MM ootliML  Body fwliifia ,  ftMvaj 
'  tsidBIarkUk.  Or^mdMm.  MDUtSliH.  Ow- 
I  of  the  Andes.  Cbttnl  ABokaa  «r  eoHMttiaf  | 
BobdinaoD  of  Qm  J^Am,  Aodc*  at  rn^wii^  aad 
Andoi.  BvtniHi  vod  Fttmiu  Aodes.  Asdm  of  QoitQ  and 
Kev  Graiudb  Mountaiiu  ol  finziL  Alk^liBnT  uid  CatskiU 
taovntaiaa. 
Anstoalian  nuHUtanu.  Mun  cliain-  An^tTiEisn  Alps  and  Uont 
KocciiukD.  Extcotion  into  Ht*  Gtiiiieah  New  Zalmd  nonn- 
toiiu.  Lofty  Hunmite  aod  glaciers.  Mountains  s  ramU  of  lon^ 
continofid  der&tuya  and  deniudatiDn 7' 
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Bllia  AMD  TAIiLETS.      PULTSaQT  AID  LOW  ^PLAUIS. 

1.  ^i/ff. — Scfibilton.  DUtinctioQ  betnefQ  Lilb  and  momimms. 
KlBDiples.  Hilla  at  a  l^ii|^li  IctcI  and  mountains  near  thi?  g«A. 
Pocition  of  liiJW  ground.  Kolling  zTound  and  its  probable  origin. 
Halrem  HiUflf  Cotteswcilds,  and  l^outb  Dowiib.  Woldai  IIiUs. 
Tntiifize  of  tabb  Innd  into  hill  couiitrj:.  Tbe  Boxan  Snitzerlaad 
aiifl  the  QuimtDck  Hills.  Franconian  Switzerland.  Origin  of 
UilLf  in  »uch  difithcrta  as  those  juet  referred  to.  Important  m- 
fluencfl  of  denudation. 

8,  TpUm^- — Different  conditions  of  yallo^s  acmrtLici^  to  geogra< 
plwTf.  Fine  tccnpry  in  nplajid  Talleya  in  mountain  countries* 
Voilli'je,  mdications  of  progress.  VarietieiJ  of  ralleyfi  Mcordmg 
in  gcolofriate.  Construction  of  vsllejs.  MotliS.cation  of  natural 
flviurcfl  and  gorges.  AU  raileys  more  or  lea»  produL-«d  b;'  t^rosioa. 
Ongifi  of  Fflllcjp  of  croeion  in  Home  plact^^  Illustrations  of  lower 
rallcyB.  VulIeyB  oS  Kk'mc  and  Danube^  YuUe^B  of  Asiatic  and 
Ammcani  rivora.     Uw  of  ruUe^ra  in  advanciug  civilimation- 

3,  liwh  Plaiiu, —  Iiiniitiition  of  the  term  plateau.  Ft«iiliaritiiBB 
of  Ginds  thus  name^.  Tbeix  relation  to  ^lo^ical  etT-ucture. 
EiigliAh  pbtusux  of  chalk,  Dolitu  and  granite,     i'renuh  ^ilat^aux 
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of  limAatmie  tmd  bBsalt.  North  Gterman  pktcau.  Oorpnthian 
plAteaii.  Ontral  platitau  of  Spain.  SU^ras  rluLiig  tlii-ou^h  it. 
Eitensiou  of  Ibema  plain  iuto  Pprtugnl.  Asa,  tliu  t'ounirj  d£ 
plateaus.  Pliuni  of  Ambui  and  Puraia.  PHuiiiB  of  Anui'nin. 
Salt  de»Tt  of  Persia,  Table  L&nl^  of  Tibet.  Dosortd  uf  Gobi 
and  3(jhfl-mo.  Tlieir  eiieiisioa  sndi  elevation  sbavo  tha  sea. 
Other  plateaux  of  Tibet.  LlJgli  lunilii  of  the  ueuinsuLL  of  India. 
Plateau  of  tliu  DecFan.  Table  LaudH  of  the  r'aro  isluads — and 
of  the  British  idl&nds^  Tabic  laadiofAfriefl.  Soutbern  plfttenui. 
High  pluina  of  Australia.  ^'I>^th  American  plaladux.  Oreat 
basin  of  Culifomia.  PiattMux  ol'  Central  Ajiicrica — of  South 
JjDCFica.  TliG  Di^aguudsro.  PatagomuQ  Atiippee.  Tabi^r 
st»t*iinent  of  the  lerels  of  plalcauj. 
4.  Low  Flaiit^. — ^Dehnitioii.  Law  pluiiu  of  northern  Europe. 
The  Kirg^liia  Bteppea  and  Siberian  plain.  Aralo-Caaptaii  plaui. 
The  steppea  of  Ruasia  d^^Ba^ib«d.  The  great  plains  of  nortlieni 
Afiitt.  Plaina  of  Jlindiietun,  Afrioan  plaina.  The  tjahara.  De- 
sert of  Arabia.  Low  plaiua  of  Oeiitral  Africa,  Kurth  Amoficftli 
phiins,  Prsiries,  SavannahB,  and  pine-harreas.  tk)ulh  Ameri<»ui 
plnine.  Llanoe  and  Silvas.  The  FampKii.  Step-like  terraces. 
Aiiacraliaii  plains.  Dollar  of  mers.  ytripa  of  low  land  on  ooa*t 
haee  of  South.  AiniCrica.  Compariaoa  oS  Old  and  If  aw  World 
in  the  mattep  of  pbiint^.  Itnpartunce  of  lovr  plniuii  to  human 
reqiliremiMits.  Low  plahia,  m  reforenoe  to  -vegetable  and  flmmal 
lift.    EtJiuOlOgicikl  v^u£  of  \i}vt  pLhiua OT 


PART  THE  THIRD. 
WATER. 

CHAPTER  Til. 


Importano^  of  water  in  the  ecouoray  of  the  earth.  Nature  of  tlie 
barriera  tliat  enc]{>a<Q  th«  ucoan.  UivJBioD  into  two  greut  oceaiid. 
Atlantic  oaaal — its  dimensions  and  prffportioua — itji  subsidiary 
or  inland  »eaa  on  tbo  Eiu-Dpean  side.  Inhuid  ooaa  on  the  Amisrioan 
side,  tslajids.  DioiansioiiB  of  the  Pacilio  Ocsun.  Its  inland 
oeu.  The  InfiiaTi  Ocoan.  Tbo  Arotio  Oofflui.  Antarctio  Ocaau. 
Natural  eubdiriaious  of  th?  grcnC  ocdao  by  Bubnmrino  mcmutoinSf 
forming  islands  and  shook.    ^orthBra  anil  aontlnica  bftm^  tft 
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the  r&cifia  SubdiTbione  of  these.  SubdivijioTiB  of  the  Atlaatic. 
NH^rtEitni.  L'cntml,  and  aouihc'Tii  basins  cf  tUe  Atlontic,  Itnl&ntl 
ssaa  an*!  their  formation.  JJeceasitj  of  a  tuowlerlge  of  the  ocean 
floor.  Methods  of  aonnding  in  great  deptba,  OM  and  modem 
metLoda.  KesiittA  of  deep  sounding  «iLk  a  cU:cp-aea  dredge. 
Materiul  at  bottom  of  the  Atlantic.  Kature  of  the  otrze.  Form 
of  bottom  of  th«  Atkntifl.  Eottnm  of  the  Pnciflc.  Bottom  flf 
tbe  IndiKU  Ocean. 

CampositioD  <yf  sea  water.  Origin  of  fiELltnii^a  of  the  e^&.  Varion 
jimount  of  salts  in  dUTcrent  s^s.  Atlaotic  more  ealt  thQ.n  Vafii^a. 
Position  of  the  belt  of  saltCBt  wat&p  in  llio  Pa^ifip.  Smttllnc-,a  of 
Bait  IE  tb©  Polar  seaa.  Uauftl  proportioD  of  esliue  eiibstanees. 
Natnreof  tbL'Lngredicnts  of  B€a  water,  IfaniEs  of  elements  found. 
Varifltian  of  densitj  of  sea  water  in  different  eeHa.  Atlantis, 
Pficiftc,  and  Indian  Ocean  compared,  DLiisity  of  Mediterrancftn 
watey — Black  Sea— North  Sea — Baltic.  Cheoiical  contEnta  in 
ordinary  sea  water.  Local  differencfs.  G^aiies  and  air  in  sea 
•water,  U&es  of  air  in  water.  Effect  of  cold  on  density  of  wuter. 
Capt.  Mauiy's  experiment,  illustratiDjEr  the  conditionfi  of  cooling 
sea  water.  Circulation  of  the  waters  of  the  Oi;ean.  Temperature 
of  the  SBB,  Stratum  of  invariable  tuuijierature.  Pre&sure  of  tha 
ivater.  Animal  life;  at  grmt  deptb^.  Limitation  of  life  in  deep 
water  not  known.  Liglit  tlie  only  limit.  CoIdup  of  sea  wal^r. 
31uB  grotto  of  Capri,  Cause  of  blue  colour  of  water,  DLlTereut 
I'olours  of  the  water  in  difl'eren  t  aeas.    Colour  of  the  Black  Sea. 

The  water  of  the  sea  alwa_TH  in  motion.  Various  kinds  of  waves. 
Diiferent  km&A  of  motion  of  wat*r.  "W'ind-TraTes,  their  nature 
and  isrigin.  Growth  of  wind-waves  into  Btorm-waTea,  Ground 
swell.  Surf.  Mecliamcal  fotc^;  of  fitonn-waTiM.  The  tidal  wave 
— ita  origin  anii  history.  Htj^b  and  low  water.  Conversiou  of 
the  tide-waTG  into  an  adrancing  wava.  Great  rise  of  tide  in  cei^ 
tain  wat'ere.  Margined  atid  local  tidee,  The  bor^.  K'atura  of 
tlio  iQotiou  of  the  tide-wave,  'i'ranisfeimi.ee  ■af  motion  without 
tbe  ronoTfll  of  the  body  of  the  water.  Diiferent  kind  of  currents. 
StPiJam  eajTenta-^their  origin.  Various  cau^GB  that  may^  pro- 
duce them.  Ell^ct  of  evaporutioii  ill  narrow  sea*.  The  Eed  Sen 
outreut.  Pnder-currenta  carrying  hack  iho  water,  reriodlcal  ^i 
currents.  ^H 

The  Gulf  stream — its  wmmencBment  and  ccurss— its  position  and  ^H 
ooudition  in  the  Atlantic— ita  temperature— ita  derivation  from 
the  wjuatorial  current,  Hifitory  of  this  rurrent  and  its  oount*r- 
cuTTflut  runiiing  to  the  Guinea  coast.  The  Emzil  cnrrent — Lta 
iiaturcj  dfplh,  und  temperature.  Rennd'e  current.  Arctic  or 
Polnr  Current.  United  Static  counter-eurrent.  Antarctic  c\Lr- 
rent.  South  Atlantic  current.  The  Paeillc  curnvUs..  !FHaok 
ftream  of  Japan.  South  Folar  euTront.  Mozambique  current. 
Huinbolilt's  currtnt. 

KddiuH  and  v^hirlpooh.  MaelstTom.  Charybdia.  Origin  of  iuch 
eddies.  Bar^asso>  or  weeOy  seas.  North  Atlantic  aargneao  pea. 
£OTth  PaciBu  &aT^93o  s^a.  Mature  of  such  uen&.  Eitension 
of  the  eargaf so  or  gulf  weed  into  BritiS'h  t^eQ«.     ,         -         ,         .  ISE 
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circulation  of  wafer  on  tlia  caFth  by  aiii  of  the  atmoaph«re.     N»- 
tupfil  course  of  rmining  water  on  the  land,      Uaoe^  of  rivers, 
IWgeet  and  moat  rapid  rivern  not  the  most  uacfiil.     Advantage 
■of  moderattf  rivers.    Drainage  ajstcras.    Water^aheda  aiiil  v/aier- 
partinff.     Watcr-ahcd  not  neceasurily  a  ridge.     SmirL-es  iiear  no 
proportion  to  the  rirera.      DidlciJtj   of  discopering   the  real 
Houroee   of  river*.      Abaenoe    of  iinportartt'e   of    this   inquirj. 
Sourees  of  the  Nile.     The  great  rivtir  ajstema  gomcliinea  con- 
nected.     Example  of  AmuEona  and  Orinoco.      KiverBgenerally 
I       originate  ne^r  luountairi  cljfliiiB*     lUpidity  of  slrftiiuB  not  dto- 
I     gpiher  dppeudent  on  hei^ljt  of  aourLie.     Stniauzs  of  all  kiiida 
'       assist  in  (k-nudation. 

Birii^r  svalcmH — how  bfst  c<jnBi(Jart.'d.  The  AtLtnlia  syst^m^  Taet 
importanca  of  tbe  fltreama  draining  itito  the  Atlantic.  Absence 
of  etrmiuB  on  tho  Scuudinavioii  al^orea.  Important  feedcrji  of 
the  Bnllic  j  Neva,  Mieinen,  VistuJu  and  Oder.  Extent  of  laud 
dninod  by  tbeae  rivepa  ond  their  tribntarlea.  River»  puteriug 
the  GenmiD  Oceaa^  Tbe  Elbe  and  its  tnljutariee.  The  Weier. 
The  Bhiue;  ita  eouroea  and  tribiiturius.  Ita  delta.  Ita  total 
length  of  couTBB  and  drainage  HFe&r  Th?  liver  ayat^me  of  tha 
British  islands..  Tlie  Frencli  risers— tliu  Seine  and  Loire— the 
CKrotiae.  The  rivc^rs  of  the  Iberian  peninaula.  The  Douro  and 
UiB  Tagud,  the  Guadioiia  and  the  QnadalquivLr,  Ertent  of  area 
drained , 

The  Meditorrtnoan  baain  and  the  riTeni  drainiag  into  it.  The 
£bro.  The  Blione  and  its  tributaried.  Ita  dmiunge  art:a. 
ItalLHn  rivora — the  Amo  and  Tiber  on  tbe  wtst — 'the  To  and 
Adi^oti  theeflfit.  Area  Llmincd.  TheUluc-k  Sta.  Tlie  Dduubu 
ajid  ita  tributttrie=.  The  Dniester  and  Dneippr.  Tlie  Don  and 
Euhan.  The  Nile  and  ita  conree.  The  ^iycrnnd  S<;nD^al  The 
Orange  river,  the  Gmnbifl  and  the  Coiinza. 

The  gtiMt  rivdp  ey^ti^mn  of  America.  Tlie  Plata,  and  its  maift 
bnmc:hca.  The  Auinzons  and  tho  various  ninmefl  of  ita  different 
part».  The  OrinoeD.  The  Mngdalena..  The  Kio  del  l^orle. 
Tha  llisaiusippi-MiftBoijri  aud  its  gi-eat  tribiilariL-a,  Tlie  smaller 
risera  of  thp  United  titutes.     The  3t,  LawTciicc  und  ita  lakoa. 

The  Facijic  iifslt^m^  The  African  rivers  Zanibe&i  anil  Gi-eaL  Fiali 
riwer.  The  Tigris  aud  Euplirates.  The  Indus.  Tlia  Chuigea 
and  Brahmapootra.  The  Irawaddy.  The  gre^it  rircru  of  OhinOf 
I  Therivera  of  Tairtary,  Therivera^Gt  Ainerioa.ontH5ring  the  Faci0o, 
The  ritero  of  AustnJia.  Thii  rirt'ra  euteriag  the  Arctic  oeeau. 
European  and  A^tio  ^itreaius.     !N'orth  American  streaiiia. 

Internal  drainago,  Casj)ia»  Sea.  The  Volga,  Ural  and  Eur.  The 
sea  of  Aral  and  the  tiJlr.  Ttibiikr  etfitement  of  t!ie  principal 
Ejaiema  of  ihmnage.  Large  pai't^  of  tlie  earth  left  imch'aiiied  by 
toe  great  ri^ver  syslema ■         .         . 
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IilEXB  AND  WAIEBFAIXa. 

1.  LoJms, — Their  aalure — rao&e  of  formatitm— vfirietio* — CHuse  of 
varietkB.  Tiiirce.  Permanent  aiidchaiigeablelakea.  DLfferenoa 
between  lakw  and  pouidle.  Esiampka  of  laies  and  pools.  Salt 
leJies  OH'™  part  of  tbe  oceHQ.  Deyoaite  of  salt  forme^i  in  salt 
lalkee.  Lagoona,  somBtimos  formed;  by  mud.  Ppoportion  of  tbe 
bmd  coTered  with  water.  Eatunftte  of  the  total  area  of  lalt&s. 
Proporllon  of  fresh  and  salt  watt;r  UVea.  ETiglish  la-tea — theip 
names  aTid.  proportions,  fioolth,  Irisli  and  WpIbB  latee.  Ab- 
8B11M  of  Iftida  bi  France.  The  lakea  of  the  Alps.  Swiafi  lakes: 
— lake  of  Geneva — lako  of  Lucerne — lake  of  Zurich — lake  of 
WBllcnetadt — lake  of  Conetence — lakes  of  Neucliatel  and  Bicime. 
Italiflu  lakes; — Lake  of  Como — Lago  Maggiore— liake  Lugano — 
LagQ  diGarda.  Rivers  i&auingfroin  the  Swie&and  Italian  lakes. 
Compsrison  of  t^e  lakee  on  the  two  aides  of  the  Alps,  Lakes  of 
the  PjrenceB.  Lakes  of  Kortherii  E^ircrpe.  Wiirm-Boe,  in 
Upper  SaToriR.  Ammer-Bee. ^ — -ChiBiU'Hee.^Keusiedler'Sea. — 
Platten-see,  South  Italian  lakes. — Lakes  ThraaymeDe,  Bolsena, 
Vico  a,ud  Albano,  Lakue  of  northern  Europe-  Swedish  lakes, 
— Wenem,  Wettem,  and  Millar.  Lak^  Hiclmar  and  Lake  Ban 
ken.  Finland  and  its  lolies  ou  the  central  plateau.  Lakea  La- 
doga, Onega,  Sainia,and  Ilm^n.  Lake  Enanain  L&pland.  Lakes 
□ear  the  iJ^;ti(3  Ocean.  Gener&I  Oharscter  of  the  nortb  Euro^ 
peim  lakes. 

A mlo- Caspian  depression  and  the  Caspian  Ses.  Fresb  water  lakes 
of  northern  Asia.  Lake  of  Baikal.  Praiiiag«  of  tb^  lake.  Lakea 
of  western  Asio.  Tengis,  Teliany,  and  the  P^tsiaii  lake  Ununi- 
yah.  Lake  Van,  m  Armenia,  and  Lake  Seistau  in  Iran.  Small- 
liess  of  the  lakes  in  Asia,  south  of  the  main  mouatain  eboln. 
Depressied  basins  as  di^ti^ct  from  mountain  lakes.  Detaili  of 
the  Caspian  Sea.  Tbe  Sea  of  AraL  The  Dead  Sea  and  its  pecu- 
liarities. Lakes  of  Africa.  Tietoria  Nyanza,,  one  of  tie  head 
wateM  of  the  I^iie,  Tta  cannection  with  Albert  KraBza.  Details 
of  Albert  Nvanssa.  Laki3  Tanganyika.  Lakes  ^yaei<a  and  Sliirwa. 
Lake  TcliHO. — ita  pecuhariliea  and  difference  at  different  seasons. 
Australian  lakes. — Lake  Torrene  and  Alesandriftii  lake.  >'orth 
Ameritan  lakes.  G-reat  ^ear  and  Great  SL&Te  Uikee.  AcliabaftCB, 
Wollsston  and  Deci*  lake^.  Winnip&g  and  Winnipegooa.  Lake 
Suiwrior.  Lakea  Huron  ajid  St.  Clair,  Lake  Michigan.  Laka 
Epitr.  Lafee  Ontario.  Total  area  of  the  Kortk  American  great 
lakea.  DilFerenee  of  \eiA  of  these  lakes-  Lake  {Jhamplain^ 
Lakea  in  Florida.  Lake  Pontehartrajrir  Central  ATcericaD  lakeSi 
Niesj^gna.  South  Amorieau  lakee.  Lake  Titieaca.  Lakes  iaj 
Brazil.     General  conduaions  bb  to  the  natuLre  of  lakes.  4 

2.  Watfrftilh. — Gnneral  acoount  of  rapids  or  watorfalls,  Such 
pbeoomena  not  luuTereid  witli  large  bodies  of  weter.  Falls  of 
the  lUiiue.     Cai&cadi:^  of  tJwUzerknd.     The  Haudek  and  th9 
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Staubbauli.  Tlie  JforwEEian  FtilU. — Snrp-fos,  Hiiikiin-ros^  nnd 
V&ring-foB.  Thu  Ostuil-fos.  B.flpiila.  Fiii'in^r  rspiilo  of  tbe 
Rhine  xnH  Danube.  Al'rioini  watti-tiUs.  Fulls  of  tbn  Zainbosi 
(lestribecl  by  Livixgatono.  Kljhuj  Falls  and  Aliirclii^on  FaIU  of 
tho  Kile,  described  by  Si>eke  mid  Buliar  Amoi-ienu  fnlU  of  Xiii- 
guru.  Detail*  of  these  falls.  Diflerencca  of  hvel  an&  body  of 
if&l»  e^timatel.     Falls  of  Kukiblkii.         .         .        .         .         .  IG^ 


CHAPTEE  X, 


TSB    PHEHOaCEXA   OF   ICK. 


jpropertiea  of  ioevcprdiffafeut  from  l.bo*e of  watcT.  Formation 
of  snow  in  the  air.  Mode  of  crystal  lis  at  ion  of  utiow.  Snoiv  In 
stare  and  pftletg.  Snow  fnrrDod  in  the  upper  air  in  all  parts  of 
the  world.  Caii*B  of  [bis  oipkintti,  Tbexnoa-line,  eipIiiDatiou 
of  tho  term.  PoHitioD  of  the  auow-lino  in  PanL,  in  waHtern 
Africa,  in  ttie  llimnLnyan  moimtBms  and  in  the  Andes.  Diffe- 
rence of  height  in  dillerent  latitudes  and  tilitimt-cj.  Soow^line  in 
Alias  muuntniua,  in  Sicdy,  and  in  tbo  Alps,— In  Norway  Bud  in 
ihe  Arctic  cirobt.  JJUfereDce  between  aoutharn  and  northern 
bemisphore  in  tbe  position  of  the  enow-liiie.  C&uso  of  this 
diflerunce.  Limits  of  snow  at  tbe  sea  lino  in  tlie  western  and 
caateFU  parts  of  tbe  old  wtjrld.  Local iibBEnce  of  suoiv  incertaiii 
abe\lermi  apots.  Muuiber  of  days  of  anow-lall  in  different  l-H- 
mat^.  AreTiiHe  n;t  lioine^at  rit.  Petersburg.  Lai*gc  fulls  on 
tbe  e&sii  coast  of  North  America.  Snow  not  injuriouB  to  vegc:- 
tfltion. — Condition  of  fallen  snow,  H^ — ita  nature,  ITow  and 
^iien  formed.  LtirgB  bail  stonea.  Paths  of  had  Btones.  Nar- 
row breadth  of  country  gcseraUy  tajurod  by  bail.  Places  where 
b&il  is  moat  commun. 
Ice  cipBuds  diaring  lormation  from  water,  Otniflp  of  this  oipamjon. 
Pivajlire  ttinda  to  prev^ent  the  fonnntion  of  ico.  Di^calty  of 
forming  ice  nt  grent  di!pth  In  wat^r.  Purity  of  ice.  Result  of 
thii  expansion  of  wnter  whilu  bBcoming  ico>  in  presenting  a  grait 
tliiekemng  of  ice  on  u  body  of  water  t'Sposod  to  intflnao  oolil. 
Tlie  seo  less  readily  frozen  than  fresh  water.  Fofmation  of  psc-k- 
iee  from  anow.  Foasible  Ftisulta  of  chanye  in  rbo  distribution  of 
tftiid  aQdwntei*.  producing  wliat  is  called  "]>erpetiial  anow,"  ovlt 
large  lirticta.  Ko  real  '^porpetuai  snow."  Mode  in  which 
loounlaina  Br«  rcliered  of  tJit-ir  load  of  snow.  Formation  of  a 
tonguB  of  ice  beyond  the  anow,  and  deeper  in  tqUovb  than  thp 
snow-liiio.  Motfemoiit  CJfTlii*  ke  and  formation  of  n  glauior. 
iVViv',  Or  Fira,  the  feL=:dtT  of  tlitf  glacier.  Process  by  whicil  Jie'iv' 
or  glacier  ice  is  furmed.  Mode  by  wbinh  it  ii  increased  in  Ihn 
course  of  jonra  and  T'eiidered  uniforci.  Essentbl  <M>cidLtiotia  for 
a  ylturier.  Kind  and  rati-  of  its  motion.  Wititer  cold  penetrates 
hvt  a  little  way,  ImperFeotly  formed  glaciers.  G-lociers  rent  by 
flesm-ea.    Wfltorpasjw  through  theaa.    Proiluetiou  of  atteama 
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ol'  stons  nt  the  aiuFaco  caUcd  morsflmx.  Production  of  icclj^rga. 
XucreasQ  of  glla{:ierH  b^  auccea&iTi:  etroums  of  ici?.  Their  pLnaage 
over  obstHcloB.  Katurs  of  tbe  motion  of  gUciere.  lee  does  not 
move  like  a  teancioiis  fluid.  Proporty  olrc^e/aiion.  IDastra- 
tioiiB  of  this  mode  of  beLaTiotir  of  ice.  Eiample  in  enow  pressed 
and  equeeeed  in  a  rsTJne.  Seault  of  presaiirG  on  the  \}oitom  and 
sides  of  the  rsiymfl  reBpmbleB  that  of  eolida.  Etfe^t  in  kno^m 
casL's  illustrated  in  the  Jips.  The'  AJps  not  the  Qnlj  plaKs 
where  evidflDce  of  tbia  tind  is  to  b«  obluLaed.  Esampli;3  in 
3i>w  Zealand, — in  the  Himalaj-as, — in  Noinay  and  Graeiilaud. 
Indieationfl  of  glacial  Ection  far  away  hova  gkciers.  ExuiEpies 
in  the  ETitiah  ielELDds.  in  Tiorthcm  Europe  acd  MorfJi  America. 
Eianiplee  in  Aaia  Minor, 

Icebci'gs— thcii-  nature,  mode  of  formation  snd  proportions.  Great 
depth  below  the  &iirfece  of  the  &ea.  Heeult  when  melted.  Ice- 
bergs n&t  eaBilji'  Been  and  studied  at  Bi-a.  Time  when  ihej  am 
most  numerous  in  tlie  Atltintie,,  Tbej  adyanro  ks*  towtq-ils 
warm  Intiindea^  in  the  southern  hGuiisplici'e.  Their  uppeatanc* 
when  seen  nniler  favourablecircumBtaneBB.  Their  colour,  changes 
of  foraij  and  freqnenfc  cbanga  of  position, 

lec  formerly  advanced  much  further  ovei  tlie  nortlie™  lieniis.phcre 
tbnn  it  now  does.  Nuture  of  the  prnofH  of  tliia  BtatcmeDt. 
Pl>Ho!3s  of  cold  csLiteii  in  much  earlier  time^in  the  world^B  liia- 
toi-y.  Proofs  of  tliis  seen  i^  enii&otbed  and  striar^il  toc^s  be- 
oenth  old  dcpcii^-ta.  Permian  and  old  red  sanLlstone  glacier 
perioda  possible,  TLeory  of  a  unil'onn  ioo-cBji  allncted  to.  Con- 
dition of  tliu  planet  Mars  in  reference  to  thia  iheorj-  , 
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eittier  ^^ 


DiseppesTBnce  iind  history  of  the  part  of  the  raiU'faU  that  n 

rtinB  off  the  earth's  EuMJdce  lior  is  evupOratcd.  Passage  of  aiicU 
water  through  rocks.  Its  issue  above  tlio  sea  le^el.  Occasion- 
ally brought,  iack  a^ain  into  cirtnilntion.  Wat?r  rising  out  of  the 
earth  called  Bpriiig  water.  Tai'iou^  klniila  of  spriiips.  Land 
sju-ings  in  ojii'n  rocts.  Qiuditj  of  the  water  obtained  from  tbem. 
Iffltural  purificetioa  of  water.  Ateorption  of  water  into  strata. 
Naturo  of  Artoaiau  springs  and  wolla,  Meanitig  of  the  term 
Art^?Bitta.  Springs  in  £s(sured  rocka  and  at  fanlta,  ConTEe  of 
water  under  such  t:ircmnstance8.  Limt'etone  diatiicta  rich  in 
epringa  of  tliis  Vin<L  ISo  sprLog  water  pheniinjuily  pure.  8ub- 
stBJieeii  generuHj  present  in  epriiig  water.  M'ater  with  very  BmeU 
quimtittcB  of  foreign  substaacca,  in  France  and  Gemj&Tiy.  Other 
water*  with  large  (iiianlitiefi.  MinerEl  springB  eommoD  in  toI- 
canic  re/rions.  Esample  at  CarlsHmd.  Springs  at  cx>ntact  of  two 
rotJia.  Long  lines  along  wliicli  minoral  :&piiiiga  occur.  Distri* 
bt/tion  offfpriTigs  iu  central  Frauce,  neur  a  Tolcanic  dista-Lct  now 
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ilinct.  UniTcrBa]  presence  of  minewl  pprinp.  Number  of 
those  described  in  France  liiid  Spain.  Qiinntity  of  wnU'p  issuing 
from  certuin  Bpringa.  Eioniples  Pt  Carlsbad,  in  Sffiizerinacl,  ia 
Hbe  Pyreneea  and  in  Nortll  America,  tarse  springs  in  central 
France.  Wnter  ifisniiig  at  the  surfuce  uiiitli  lees  than  tlie  qiiaji* 
tilj  actually  lifted.  Diaeipalion  of  Strang  (-iirings.  Esainple  uf 
springs  not  roaching  ths  fiurfftce. 
Ttmpemture  of  iniineml  sprkigs.     iBoilin^  springs  near  valcBoo^. 

Sprini^  in  the  Vyrensea.  English  thL-rmol  spring?. 
Cfentetita  of  niinorol  wat'Pra.  Water  an  almost  nniTenfft]  HoWent. 
Cbemicftl  conrlitioiis  of  soiution.  In&rganii?  neids  and  baaea  moat 
comaionlj^  met  with  in  wattira.  Rcsolt  of  apectpol  ana]TBi«.  Or- 
gania  acids  occasionally  found.  Large  qniintity  of  snlid  mattiT 
thus  peinoTpd  from  tho  interior  to  the  aurrncR.  Qunntity  pf  CDV- 
bonflt?  of  lime  And  silica  capeoiuliy  large.  State  of  tlie  eub' 
attmces  held  in  solution  im]>ortiiut.  Examples  in  rarious  taavs. 
Abundunce  of  snlphia".  Variou&  foiros  of  sulphur  and  reBulr«, 
Fhiorine  and  phosplmnis  ooimnon  in  certnin  cpring's.  Boraeic 
flCid  OCCAsioii^  Distribution  of  sihea  Ter^^  geiieraL  Deposits  of 
Btlj<*a  frarn  spring!?.  Carbonic  acid  espet-iaily  coninion.  Hydro- 
earbons  also  common  in  cpytniu  cu^es.  Bitimiinoiis  apriups  in 
TflrioTia  parts  of  (he  Vi'orld.  Bitumen  often  asawiated  T<ith  com- 
mon salt.  Potaab,  soiia  nnd  lithium,  a»  esiating  in  mineral 
waters.  Wern-  metals  found  in  them.  Vast  quantitj- of  parbonato 
of  soda  somptimM  preaeat.  Dopoaita  of  lulphutt)  of  soda.  De- 
posits of  carbonate  of  lirnil.  Sut;ct'ssivC'  crOsts  of  L'arbon&te  of 
lime  broken  through  at  Carlsbad.  Deposits  of  fjypsuui.  Salts 
of  magnc&ifl  very  common  in  certain  wattTs.  AlumtnA  combined 
■with  pilicft  and  other  elements  common  in  spring  wut^^ra-  Metnln 
CODlDiQiily  famid,  MangaoesB  and  iron.  Q.iiantity  of  iron  in 
certain  apriiigB  in  tbe  Eifel.  CDbalt  and  nickel  in  water.  Cop- 
pert  lead  and  siher  (liiqwii,  or  probable.  Oi-gnoic  niatler  oa 
gJairine  or  haregine  found  in  certain  mineral  waters.  Abundance 
of  Teg*table  gii^wth  in  the  TVJiterR  at  PJombii^ras, 
Chauscs  iu  the  quantity  and  condition  of  the  Wiitera  I&Buing  fpom 
certain  sources.  Efi'ecfc  of  cnrthqiinkea  oa  Bpring:?.  Example  in 
^^J^fi  gTEat  (.^rthqnake  of  Lisbon.  Intermir^doc  of  water  in  ctxtain 
^^Ering^.  %plion  epiingB — peciiliflritie&  of  disoharga  of  water  ui 
^^^■itain  ca^es.  Intei'miaaiou  in  a  spring  ut  Sisaillgen.  ObfierVu- 
tions  spread  otct  six  jearfij  and  rpsult*.  Yariations  of  springs  at 
Vielij  and  (be  Pyrenooe.  Sppcial  Donditiona  on  which  the  change 
is  auppoeed  to  diipBud.  Change  iti  the  gaeemiB  contmtfl  of  spring 
waters  occasional.  Periodical  deposits  by  the  wutejf  of  certaiu 
eprinps. 
Great  lufluence  of  vator  on  all  rocks.  Metarnorphiam  thm? 
effected.  Fosrilization  alao  produced.  Water  the  meane  by 
which  chemical  action  w  pierted.  No  prpbabilify  of  an.  llide- 
.dunl  source  of  water  in  the  eaitk'B  interior  .         .         .         . 
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PAKT  THE  FOURTH. 

AIR. 


CKAPTEE  XII. 


TH:G     A9-3tOSfBBBE. 


Coaaposition  q(  pure  clr>-  fiir.  Elasticity  of  the  air*  Pres&ure  of 
tliL'  adl"  at  Llio  octi  lerc]  mi  J  nt  grt^at  hcighta.  Hciglit  of  tho  mi^r- 
eimal  coliimu  at  varioua  elcvfttions.  Esticiattid  }]eiglit  of  the 
air  if  it  wt-FB  not  elastic,  CaU'ulatisd  weight  of  the  atmqsphci*e 
of  pure  dry  air,  Aqueous  vapour  mLtcd  witli  pure  Aty  blp. 
Other  suhstaneea  commonly  preaent.  The  g&'Ses  tbat  form  at- 
mosphGrin  air  not  chemically  combined.  Tim  pT^pordona  of 
oijgtD  and  nitrogen  unifoTtii  under  all  oircumgtaDces,  AbBence 
of  BatisfaclDTT  OiphmatioD  of  this  uniformitj.  Gri.'at  c]jiii][^'t;s  in 
presaupe  of  the  air  on  the  same  level.  Oscillations^  of  the  baro- 
niftar  wgnlar  and  occa-^ioDiil.  Maxima  and  minirmi  of  daily  os- 
fillationd.  Seasonal  oacillati{]DB.  Kegukrityof  Buchmorem'&nts 
in  certain  parts  of  thi?  world.     Esteiit  of  range  aic&II. 

Eftect  of  heat  en  the  atmoephere.  Mode  in  wliioh  air  is  heated, 
not  hy  radiimt  beat,  but  by  conduction.  Jleat^ug  of  air  by  com> 
pi'Cfifiion  and  cooling  by  espanBion.  Different  temperature  of 
boiling  water  nt  variou.4  pre&aureB.  Estimate  of  the  heii^ht  of 
mDUntQina  by  the  temperature  at  which  water  boils.  DitniijiLtion 
of  temperahire  in  ascending^  to  tha  upper  part  of  the  air.  Cause 
of  this  chjinge.  Rute  of  tiiminution  as  eatimated  by  Mr.  Q^laii-hiir, 
Oceaaionol  eiraptions. 

^Eelatiou3  of  air  to  light.  Ab&OTptiou  of  light  bj  Oiir  entering  at 
vapioiiB  angles.  Bellectiou  and  absorptiou  of  rays  in  pa^^iiig 
through  the  atmoajilioro,  Hofrartion  of  light  in  paasiiig  into  and 
tlicDugh  the  air.  Form  of  a  ray  ofliglit  passing  through  the  at- 
mosphere. Partial  absorption  of  coloured  rays,  Stntenient  of 
thL'  eouree  of  a  ray  of  light  in  the  air.  Jtesulb  of  the  dispersion 
and  rcHiic^tioTi  of  hj^ht  in  the  air,  Abaenco  of  enddcn  trauaitiona 
from  light  to  darkneES.  T'wiligLt — eunao  of  ita  ditfepent  duration 
at  difftrent  places  and  eeoaoiis.  Appearances  of  the  sty  at 
Tfflrioua  parte  of  the  day.  LimitatiiMi  of  twiliglit  as  ppoduoeil  by 
I'cSeption,  Effect  of  the  ppfwei5ce  of  ftq^ueoiafl  vfijionr  on  refrac- 
tion. ProductLOn  of  Optical  dclasionaj  orrniraje,  by  DOmpUcfit'Od 
refraetion  and  rellection  in  the  air.  Examplua  of  nkirage.  Gauges 
of  the  nwrt!  etribin^  piienomona  sUfgcat*Hi,    Simplo  onscs  of  ri 
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flection.  Vertical  niid  homontal  rellectionB.  Snapensiim  or 
iaominff,  StrUta  of  the  air  Ht  dilTurcDl  temparBtiire  the  Itmin. 
causG  of  Buch  nppeiLraccea,  Calui  esaential  to  irreeulai'  re£rac- 
tions. 

Colour  of  tLt!  DtinoaphcrQ.  Obubo  of  the  nEure  colour.  Wflter  and 
nqueooa  fapour  largel;y  afPecl  the  colour  of  fclie  air,  Colour*  of 
the  clouds.  Raiiibon^-  Fbcnomcna  of  the  fAmbow  dud{UllK!d 
and  the  nause  u^plitmed.    Eaiubovra  in  wat-erfnUs. 

W&vea  produccii  in  tho  Rtmospliere.  Sound  tlie  Teauli  of  auch 
waves.  Loadnesfi  independent  of  tho  valocity  oi'  tlio  waree. 
Diflerent  rate  of  fravcl  of  bouti4  wavee.  Temperature  affocts 
tbe  rata  of  the  ware. 

The  atmoaphere  in  its  relation  to  life.  No  matsnal  life  conceiTabk 
witboat  air. 

Polansfttioft  of  \ight — ita  mednin^.  Peculiar  propt-rliea  of  polar- 
isod  light.  Folari^atiot[(rd^ctt:dbotb  lij  reHtxitionand  refraction. 
One  of  llio  two  boams  of  light^  emergiog  fTora  a  donbly  pcfracting 
pryatni,  ia  polarised.  Polarising  nngk'fi  by  reflection.  Part  of 
tbe  light  always  polarised.  Neiitml  points  ic  tbe  aky.  Anli- 
toliir  points.  Oliscuritjf  of  this  department  of  optical  science. 
Important  modeni  cliecoveries  in  the  upper  part,  of  the  ntmoH- 
phere.  Diniinutiori  of  tempcratuxe.  Law  of  diniinutvon  etill 
undetermined.  Important  nkodiUcatian  of  tbe  priaraatic  spcctmui 
in  tbo  higher  part  of  tbti  atmosphere.  Increaee  in  the  mmiber 
of  dark  luies  obstiti'ej 221 
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WIHUa     AMD     flT0GM3. 


CaMBe  of  ■winda  Llie  tranaparency  of  the  air  to  heat.  Ubb  of  t3io 
ttrm  '  diathorTDfll  ^  iu  Tciereneo  to  this.  Interruption  of  part  of 
tbe  beat  raje.  Proportion  of  bent  Fays  rw:eived  diflbrent,  accord- 
ing to  the  angle  at  which  thejfall.  DilTL^renpt  caused  partly  bj-  the 
□atoi'i;  of  tbo  mptpiial  on  which  tbe  rays  faEl.  Parta  of  the  earth 
most  find  le&3t  afifectL^d  by  the  buh's  raya.  Bspansiou  of  tbe  aic 
he&ted  by  tbe  earth.  Production  of  Tertical  and  borizontal  cur- 
rent*. CLrtiulation  of  the  atmoapheiia  afCt-L-tedby  the  action  of  the 
ann  on  the  earth.  Mode  in  which  this  is  prodnocd.  Proof  of  the 
exiatenee  of  an  upper  current  in  tbe  air  by  Tol&anie  du&t  and 
cloud.  The  winds  obaerved  on  tbe  Foat  of  Ttsneriile.  Tha  trade 
iniidB' — tlioir  meaning  and  valuo.  *lIoriMJ  latitudes*  of  anlloM 
and  aoutb-weat  piiat^agc  winda.  Corapariaon  of  tbe  southHrn  and 
noTthem  tradee  m  tha  Atlantic.  Explanation  of  the  fuel  that 
the  eouth-tuat  trades  are  the  inoet  6teady.  Mudiiicatiom  of  the 
trade  winds  in  India  und  on  the  plains  of  Central  AaiK,  Mon- 
soons, thiiir  nat^ut)  and  luatory.  Their  diilereace  from,  trtwlfl 
winds.    They  rephite  the  ^de  winds  as  rcgidar  winds  in  tte 

bjRsw  eJwr  otx-ar  m.    The  noHh'e^t  moasoon,  its  chief  pami^ 
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rities,  Boulh-west  nuinsoon.  Change  from  one  to  ihe  ether 
ii^Bik{?d  by  fltonns.  Trade  winiifl  not  aln'njs  tuet  winds,  and 
more  to  be  tniated  on  tlie  western  than  on  the  easteru  sLorea  of 
a  large  sea.  The  trade  winiis  confined  to  the  ocean,  but  iiijplaced 
by  Btcudy  land  ii'mda.  Efil'et  of  permanent  wmda  on  tlie  latid. 
Starme  of  tlireo  kiiida,  viz.. — wind  storma,  electric  storms,  and  mng- 
netic  Btorina.  Lightning  and  tliunder.  Circumstance  a  nnder 
ft-hioli  electric  storms  occuTr  Account  of  forl;ed  and  sheet  ligbt- 
oing,  CuiLSL*  o£  tho  difTtTtint  pbc^omcnn.  Lumtatjon  of  thund>i:r 
atorma.  Peculiar  effectB  during  aiicb  stornia.  Magnetic  atrorma 
unaccomn allied  bj  noise,  Aurorir,  common  indicRtioilB  qf  tttmo- 
splimedistui'laiice.  OiMukifpToyreflSof bevcrcatorma.  *'B-ojal 
Charter"  storm  of  October,  185*>.  !Reniari(Blile  meteors  and 
finj^oral  diachargCH  about  the  same  time  all  over  the  world,  3>iB- 
turbflucg  ot  the  telegraphic  wttcb.  Telocity  of  tlie  wind  in  th& 
etorm.  Dif fcliou  in  whieh  the  storm  efoa&eii  Europe.  Cjnlones 
and  cyelonici  storms  described.  Details  of  a  cyclonic  storm  de- 
acribod  by  Adniirol  Fitzroy       ,        ,        /       . 
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The  cOnditi>ons  of  aqueous  Tapour  in  the  aii"  important  to  he  un- 
deretood  in  refepeiite  to  the  history  of  dew,  fog,  mist,  cloud, 
rain,  snowj  aud  bath  Aqueoua  vapour  not  diathemiic  (tranfl- 
porent  to  heiit).  It  is  didused  through  air,  of  whick  the  maai 
la  much  gi'cater,  ajid  before  it  cooIb  the  surrounding  naedinm 
Tnufit  he  cooled.  Solids  cool  rapidly  by  radiation,  rmd  tlms  va- 
jwur  !i  deposited  aa  dew,  Dnw  esplaincd  long  ago  bv  Dr.  WellBi. 
Kcaudts  cf  rudiatiou  into  a  clear  ehy.  Bcsnlta  «]f  check  to  radia- 
tion. Effect  of  radiation  dimininites  with  extreme  rapidity  at  n 
&mp.ll  diataiicD  from  the  radiant.  Great  differeii(?e  oF  teroperature 
on  gru&a  find  a  few  feet  above  it,  CondeneatioQ  of  aqueous  va- 
pour as  miflt  or  fog,  Cii.asei'  of  this  explained.  Air  chilled  by 
contact  with  high  land.     Formation  oi'  fog. 

Definition  of  cloud.  Chai^cteristice  of  clouds.  Work  done  by 
clouda,  imd  their  use  and  advantage  in  th'C  eeonomy  of  nature. 
Where  cloods  form,  Ciouda  over  foretts  after  niin.  Cloada 
forming  aver  Talleya,  Elevation  of  clouds.  Course  of  clouds 
on  thfl  Peak  of  Xeneriffe.  Methanicd  difficulty  involved  in  the 
formation  of  cloud.  Quantity  of  water  in  a  cubic  yard  of  air  at 
a  i?ertain  temperature,  i^ource  of  the  vapour  that  pasEos  into  the 
air.  Tendency  of  vapnur  to  Hfsumc  (he  form  of  the  object  by 
which  it  ia  caused.  An  immoveable  cloud  formed  on  tha  top  of 
a  mountain  by  s  drifting  wind.  Such  a  cloud  a  driving  mis.t. 
CloudB  forming  half  way  up  a  mountnin  aide.  Tendency  of  a 
doud  once  formed  to  remain  euapended  in  mid-air.  Different 
tmds  afdoudB  ihxiB  fermed  ax's  cUBx&<:U^\alv;i:,    Cvm^i  u\iyad& — 
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thiiir  Qfigin,  form,  colour,  and  grouping,  TKe  phenomenal  of 
broken  liglit  derived  from  them,  Irideeoeilt  cliuraiiter  of  such, 
clonde.  Oec&E^lunal  produttiou  ofpurliL-lifi  or  falae  suua.  Pbah. 
age  of  the  cirrua  into  the  cirrastratax.  Horizontal  and  diverg- 
inif  bands  of  oloud.  Cumtihia  ulouda^how  fonued  nncl  j,'ot  nd 
of.  Grotoflfl  lie  and  y&Harl  f  jnas  of  these  dovida.  Cafitni-o-itratna 
doudd — tlieiT  rcliLtions  to  the  cuniulufl.  Hain  cloud  {Ttitubvt). 
Raijged  fftrm  and  sweeping  ontlii^e.  Neainesa  to  the  aartlu 
AppearBne©  of  swaoping  motiuQ  often  false,  Fanciful  dppeai:- 
■inces  t&kcn  by  ebudi^.  Description  of  min  cloudB  by  Euskin. 
MotiofiB  of  climda.  Fantastii^  forms  of  clouda  indicating  (■h&ng« 
of  WfialLer.  Eiamplea  of  iwrnmneiit  cloud  with  a  miyiiiff  wind, 
Cluuda  coraiiiy;  up  nuruiti&t  the  wind.  Colours  ami  diadowB  of 
clouds.  Cau^Ls  of  colour  in  duiidfl.  Yarietioa  nf  colour  in 
douds. 
Floating  of  pifnidain  the  air.  Mode  in  which  doTids  are  Buspendtid 
in  the  air.  Nrtlureof  the  vapoiir- atmosphere.  Mode  in  wliioh 
t;vu  gBsca  mii  without  reference  to  tbcir  BpeciJle  gnravitj  \iy  dif- 
fusion. Similarity  of  coniition  in  the  cbsq  of  the  rapour  atmoa- 
phero  within  the  atmosphere  of  drjr  air.  Dr.  TyndaU'e  re- 
Bearches  i^n  this  dinaition,  The  resuiQptiou  of  iJie  viaihle  form 
the  moBt  dillit'idt  pwt  of  the  siibjeet  to  eiphiin.  Oonversion  of 
mist  into  dr^  cloud.  Disturbnnce  of  elecl  rio  e(|tutibri.iin].  in  such 
eases,  Fomintion  of  drops  of  rainn  Change  from  invieible  t^ 
Tisiblp  vapcmr  not  nlwajs  aucompaHitjd  bj  electric  action, 

FkeQCmena  of  mia  aa  seen  Is  ihe  Iropiee.  Quantity  of  raia  thus 
falling.  Siitremii  ca»c«  of  rabi-fnll  in  India.  iHslrecne  rain  in 
juny  oae  day  in  the  tropics.  Account  of  the  rain-fall  in  tL'mpe- 
rat«  latitiide-i.  O&iiBe  of  rain  in  thca^  hLlitudes..  ArerAg»  rain* 
fall  OQ  the  wctteni  bliorea  of  Europe.  Enormous  raiTi-fflU  in 
Enghind  in  wrtain  plact-e.  CoTitraat  ■with  other  parts  t>f  the 
country  at  no  great  difitnnsEt.  Mean  annual  raiii-fnU  of  the 
Britii^Q  l^landa,  and  of  each  naturul  division  of  the  country. 
BAin-&Jl  iu  various  parts  of  England.  BependenL^n  of  tht* 
Hvernge  on  loeal  conditiau-q,  Timo  pf  great^jat  rain  in  the 
BritLsd  lahitnifl — and  of  k^aat  min.  Months  where  tht-re  ia 
greatest  rain.  Condition  of  other  cciuntri<?it  as  cuutpnri^d  n-ith 
England.  Condition  of  the  intoi-lop  of  Asia  and  Africa  as  eom- 
pored  with  l^lnfjIaTid.  Tho  d^j^rts  aotl  tbo  rainlcsa  distriota  of 
the  Tvesttrrn  ooast  of  South  Aitttriea.  Ghinsral  fe^uit  of  (-hangH 
nf  ^o^raphical  Bondition  on  theraiu'tiidl  and  On  the  distribution 
of  rain. 

Ph/fiicftl  force  exertod  in  the  conTorsion  of  weter  into  Tflpour  and 
the  cOQvorse.  Estimate  of  thia  force.  EatimOtcd  rain-fall  on 
the  earth.  The  rain  regarded  aa  reprMonting  tho  heat  rticeived 
on  ihe  eartli  from  the  sun.  Cloud  and  miat  do  nol  necossarily 
precede  rain.  Thcntnin^na  (ittUed  serein,  and  its  cau;*a.  Total 
annual  raiu-fAll  an  the  dilTL-itiirit  natural  divisioTiB  of  the  eartli 
estimated.    Mode  in  which  the  rain  thus  faUing  is  got  rid  of     .  'iVi 
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Hatvn  of  dhiwto,  C»»»n  ibnt  produce  flmmte.  Importsnce  of 
hot.  DiMnbutiDQ  of  heal  different  In  difl^rent  plaues.  Mode 
of  dtinuitiiif  tbe  brat  at  ■  statiaii.  ^aturt  of  the  avenges. 
Tisan  vbtn  Ih^  tfmpfTsture  is  Domt  the  6^y  arcnige.  Mean 
■nniul  tempcnture.  Ifrothermiii  Hdm^  or  liQu  drftvn  tlmrugh 
ploots  hsTtiig  tbit  tathe  tataa  smiu^  temperature.  How  the 
nmn  umual  temperBturc  is  nia^Je  up.  EiTect  of  tbe  sun  in  pro- 
ducing and  modifriug  tfae  range  of  daily  tempeishire.  AT«rage 
dnilv,  monLtii;,  tad  anoiul  mean  muges.  Mode  of  dustribiLtuni 
of  hent.  Dc-pmdence  of  the  li«allhj  atate  of  tie  atmospbe'Te  on 
t^nnpcmturo.  Estimate  of  range  of  temperature.  The  dtu]y 
range  tow  obtwBcd^  Diffi-Tpow  in  diffiirent  psrts  of  (lie  ftjimtty. 
Actual  STLTs^e  at  OrcccmK']].  Illuatj^tion  of  tlie  uiEaiiiiig  of 
nnga  of  tho  tbtamomtrter  and  tlii>  valueof  Areragef.  Tli«  emsts 
do  not  tHwajn  o^ree  with  the  tiKprmome^tfrindicationi.  Teuipers- 
Itire  orIj  one  of  aereral  eJenienta  of  climate. 

FivuBure  of  tbe  sir  aa  ailt-ctin^  climate.  Eluaticitj  of  the  air. 
SpasilifGnpefi  of  (he  iiuman  frame  under  certnin  circumBtikno^. 
]'o*itioii  imporlont  as  influencing;  prtTsiling  winds.  Churacret 
of  partiptilar  winda.  DL'p^fideiice  of  thid  OD  poeition.  Pre- 
vailing u-indj  to  be  elludbd  to  iu  deecribinc;  dimate.  It#iidt  of 
nppfi»in^  wind*  oeivf  a  coast.  Climate  of  England  produced  by 
its  positicjii.  Rdin-fall  a&  nflecting  climate.  Cloud  in  \Ia  in- 
flncniw  on  cliiiiHte.  Enf,diah  climate  not  on  the  whole  un&Tour- 
able.  England  rcnnarkablu  for  freqiic-nt  change.  Faroorabk  La- 
niifinci!  of  iel&nil  clinmlCB  on.  Tcgctable  and  auimal  life  generally. 
Klecfrica]  stiite  of  the  air  an  ■element  of  cliioate.  Ozone — its 
nieaiiing,  Wuiit  of  oxou©  unfaToumhle  to  health,  Advantage 
uf  vioinjly  to  oreau.  lalandd  generally  more  Le^ilthy  tlian  con- 
tinuntH.  Msny  climafcs  in  one  country.  Climates  of  dilfereat 
coutltrieB.  Chungea  in  tbuphyeiual  featurea  of  a  country  involve 
chaugcH  of  climfliie.  Con  sequences,  were  the  Gulf  Stream  to 
i'iian^  its  CQurso.  All  audi  cliaugcs  independent  of  any  diango 
of  mmn  annual  bL'mjniraturo-  Anitiinl  inhabilauta  a&d  vegetation 
might,  howevcr>  bu  greatly  altered.  Ineessant  change  in  all  le- 
»poota  the  law  bf  nature.  Climate  deo  changed  by  humzm  in- 
Aiiuiii^a.     Chnn^i^a  thus  producud  in  England. 

UV«/ABr>^Peitni1ion.  CouBtnntly  ehifl.ing.  Clilef  pecnliarifcica  of 
wtvdher*  Yhw  ^quboq,  Cyclea  und  ppnoda  of  fbe  weather.  Bad 
wi'utlicP  tbo  oonVL-ree.  Average  (jf  weatlii'i*  b  climate^  Climate 
nay  olKUigr,  l>iLit  weatliur  must  nhniipi>.  Weather  may  be  unifonu 
0VI.M' widi,'  tracta  having  diilciTnt  cliinatea.  I^iample  in  ll^jtS. 
■\Vi'ulhtrdiUereiJlon  the  Iwo  sitlt'acf  anionnfaineSitiin.  Ciilms  in 
tJio  Oiidat  of  atona.     CydoQQa.     M.eaiiiag  of  clmsgc;  of  the 
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weallier-     Tariou*  weotlieT  indignation?.     CleamepB  of  outline  of 

distant  oliiPctH.  Appearance  of  the  olomla.  Yaaous  mpti-Drs. 
pQDB'ag^  of  light  into  massive  ^'louds.  Alteration  of  form  or 
other  oppparanoe  of  clotnis  iiiiliontive  of  cotnit<|r  chango.  Vari- 
ous, struta  of  nir  uindor  very  diU'croiit  eoiiditioiis.  Hising  of 
Bniote  in  the  air.  iDirectiou  of  w-itkl,  and  of  change  of  iniid. 
Ka&terly  winds  and  ttit'ir  niituTo  in  uiiir  climate.  TSeir  oharap- 
Ieri9ti(!d.  Hnbits  of  anlmaU  nnd  conditious  of  TtigBtaHon  and 
huniac  sensationa,  Instmnionta  uaed  to  pceord  tie  dilTevenwfc^ 
of  tlie  state  of  the  air  that  produiie  thcso  itidicatiuHft.  Biiro- 
meter — what  it  ii  and  what  it  teaohea- — what  is  required  to  give 
it  value  ae  a  wpnlher-gBUgo.  Isuture  of  bnrometric  obaarFation?. 
CompariBQu  of  barouistric  with  theroiometric  changca,  Obserf  a- 
tions  coiiciirning  xUv  diroetion.  and  force  of  tlie  wind.  Backing 
of  tlie  wind  an  indLoation  of  btul  weather.  Auroral  appearaneoa 
imfaT^ouTHblc.  Ma^oLic  gtorms. 
Peculiariliee  of  wealiiBr,  ortni  if  continuedj  do  not  iuToke  per- 
manent clinngo,  Cjdes  of  weather  occur,  I'o'rotclling  wcntlicr 
alwflj-a  uncertuiu.  OrdinDj^-  iudiwitiona  liail  to  tiiU  us  of  cbfliiares 
some  time  distant,  Kiiles  trom  experieuce  very  Toiuable.  All 
guESBCs  at  weather  result  fi-om  cTperitincc  and  obserfatioti.  Im- 
portfint  work  cf  the  Di*?tooroloj;ri^t,  Mutnul  depondtuce  botwcm 
■uatfriul  and  iuiniaterial  parta  of  thnj  frCatiOu,  InQitenco  of 
weather  on  htaTTiun  ititelk-t;!;.  Climate  and  weaklier  not  per- 
inaTtPDtly  deteriorated,     Weftlher  and  cliuiate  not  peruianent     .  265 


PART  TOE  FIFTH. 

FIRE. 

OHAPIESE  XVI. 

TOLUAHDES    ASD    VULCASIO    tUfiKQllKSA. 

PhenoTnena  of  TolcanOes  genendly.  Effect  on  the  «en»e«.  App^ 
rent  magnitude  and  Impur'lD.nce,  and  long  diirution.  AotUftl 
limitation  c^f  tiie  plienomena  gcniTall^.  Accouint  of  the  crater  of 
Kilaueft  (Hawaii)  and  tho  eruptions.  Peculiar  Qntiiro  of  (he 
eruptioTiFi.  IliBtorjr  of  an  ordinary  eruption.  Kxampli;  at  Cose- 
euind,  in  the  Andes,  of  L'noTLnoua  t|iintititit>Baf  line  dnat.  MasatiS 
of  roct  ernptcd..  OutBows  of  lava.  Diiilribi,ltion  of  rolcanoua 
ajid  number  of  priucipjJ  ccun'ri.  ^tiujbier  of  Tolijanic  Yunts  \1V  iX 
^rvjj  district  uniwpartaut.     AM  poJcfiJioea  not  directly  TelaVed. 
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PnitMB  ol  rwkmma  m<  TnlirJr  Im^  «■  «fcr  tmih.     lidtr- 
ftnoH  «f  Tolaue  bMna.    TilAne  Inb  ca  tte  t^e»  of  the 
gFcal  oec^ue  InoL  fTrlnr  rf  iM|iiiitMiT  nf  fhr  -nrlnr-rTr  rr^' 
BufBT*—  ■ji*«i^  at  mlriMULi  Jefawii»J  Jeaanbed.   Kta^Tesa- 
vist  nd  tbe  I^ati  M«iJi     ffitnarifln  of  ftkit  Ebc  to  tfa»  mm' 
aiinet  roleaiaea  of  the  AfmmDm.     Volemir  aeCiiM  on  the 
.ApniunaL     AeEmnit  of  £ts%.    Hitfffy  «€  its  osptnn.    Ctoo- 
nKtion  w^  SboBbolL    Onk^i'*  kliBd.  Tcntnft,  Bistoy 
of  mapdom.    Tokanac  bwd  of  Uw  Qwwtk  iikiiiiii      K^tiom 
,  of  Banlonn.     Gosaodsit  dufanrtiave  >e*»w  tl»  Omfc  ArcU- 
f  pda^  and  i^cOt.     Aju  Minor  ud  itt  Tvlcsaoes.    The  Tsonu 
I  Bod  CkiiCMM  e«nlwn  TQlamie  nx^     Srrix  the  HoIt  lAod  and 
I  Jun^  Ydtcaoic.    YolmwMa  of  e«iit«ni  Afrira.     Ab^^ncp  of  Ti  <1- 
lEuoa  in  noriheTii  Afrkt.    Yokuott  in  the  Axons  sod  CaDarr 
ulandi.     Capt  d«  T«d  ;ti«>uiT     AaeeauDU  a^d  St.  Helena. 
Trmidad    (S.  AUaotio)    and  Tristan  d'Arunha.     Interior  of 
A5ics  ud  Atutralia.    IcdjudicTolcanicgTOup  andJiui  Hejm's 
labud.     Heda  and  its  erupliona.     The  Ofraers.     Asiatic  T0^ 
canoe*  of  China.     Iftlanii^  of  A«(a.     Volcannzs  of  Suntatni  aud 
>  Jbtb,    Branch  of  tbe  rolcflmi:  belt  to  %h.e  rhiJlippinca  and  For- 
moAa.    ^xtnuion  of  thie  line  to  th?  Kurile  Uhuida  and  Knmt- 
chatka.    Australian  groap  asd;  ^ew  Zealanti  ToLcanoes.    Hannii. 
Tarioui    Tolcamo  Ubmilj    \n    the    Pacific       American    STrtem. 
Ti^radel  Foe^o  and  Fatagoniaa  TDlcoDDes.    Chilian  Aude^and 
tbeit  T'Olcanoes.     Peru  anil  Bolivian  And»  and  their  -ruilc^jioea. 
Quito  utd  CotopaxL     Main  branch  to  tlits  \V^»t  Intlian  iBlands- 
Onateiada  groafi  on  the  Pacific  coast  Cff  eentml  Ameriaa.     Vol- 
canoes lit  Mcsdoo  and  California.  AVest  coa^t  of  Ivurlh  Am^rita^ 
AJeatian  i«!aiide  and  Kiunt^hatta.    FurtbL-r  conllQUatiou  \>y  tbe 
Kurile  isLand^' 
Evidijince  of  flubdaed  ami  dce^Ting  aciiyitr  in  certain  Tokanic  dip- 
tricta.  IntflrcBt  attaching  to  this  part  of  the  historv  of  volcanoefl. 
Abuncfl  of  erirlence  of  tbe  Srat  commcntvmeat  of  Tolcnnic  dis- 
tuHwaoe  in  n  new  district.    Meaning  of  the  sppupcot  diioini^lied 
OtCtlDn.     Salsee  and  mud  TOlcanaes  isatBucua  of  decajing  ouergj. 
Liinittctiou  of  mud  irolranoes.  Kecent  i;ruplion  of  a  mud  volRaiiO 
iu   BiniJ}'.     IfiitoTj    of   tlic  eruptian.     Mud   roleonoi^a  of  the 
Orimcft  and  Tftmaii,    G-poupa  oF  volcanoes  of  this  kind  recently 
in  action.     Wide  range  of  the  phenonicna.     Slud  volcanoes  of 
nortlieni  Italy.  Subdued  volcanic  tti(;lion  in  Java  and  in  ileiico. 
Other  cases  in  the  Weat  In'^lian  islands,  in  CuHfonisa,  and  in 
Iceland.    Nature  of  tli^e  tnaleml  erupted.    Tajict;  of  omterial 
of  minpral  springs  in  different  places. 
Limit  of  dUtribudoii  of  Toleanora  further  considered.    Vicinity  of 
th.0  sea  in  most  casce.    Contents  of  sea  water  m  Ib-vk.   Yolcsnic 
dust.     Orgnnic  indications  in  sueh  dust.      Mcchnnical  origin  of 
voh-anoca.     Theories  of  Humboldt  and  Von  Jiuch,     Opposing 
ric'wtf  of  Dfirwin,  Lyell  and  Scr&pe.     Kspkuulion  of  Jori.tllLi',  in 
MflJiico,  q^uotod  by  Humboldt.     Eitincrt  volcanoea.     liifttfiuees 
in  Aui^rgne,  [Oentral  France)   and  on  the  Bbine,  near  Honn. 
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BektionE  of  Tolcnnoea  with  oneannf  lier.  How  produootL  Con- 
dctiDD  of  Ihe  **arl  li's  iiittriur  iia  cleJiicnl  fruin  such  phiOlloiiieuii. 
CouneoiiDJis  of  Tolcsnoea  Willi  earthqiiakoa 293 
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ntiue  of  vibratitma  of  tte  earth  culkd  (vtirthquakea,  EnithqiiftTces 
commoTl  in  volcanic  diatrictpj  but  oftrn  Wt  in  Miuilrius  ut  a 
great  dlst-ATlco  from  TolcAUOeB.  Illuatraticn  of  tlK  coDrtection. 
eiistiiig  bfltween  Yolr-anoBa  mid  earth quakeB.  Ex&mplo  of  Strom- 
boU — of  Futo,  in  P»ni — in  the  Azores  and  Wt'«t  Indies, — lii  tlie 
Miasifisippi  Talley.  Ndtiire  of  an  fartbquflke.  Position  of  its 
eoorce.  Variety  cf  explt>E<ioiia.  Tfirae  JtincU  of  eiirthquak^s, 
DeBtruction  tobutB&nUfo  in  great  earthqiuiktia,  Tarious  pheno^ 
meua  prt'ceding  eartliquakea  fincl  SL'iring  sa  w&mings.  Koiae 
accompi^ujing  earthqudkea.  Vaii  htoh  over  wbit.-h  siurb  noi?es 
hsTe  beea  liBorJ.  DLrei:tioii  of  axia  of  diaturbaiiro  indifatM 
during:  fto  etkrtbqiiake.  iiiatribution  of  eai'tbqunkw  ia  spacoi. 
DiiScuU^  of  dl<!("'Ovmng  the  exact  point  ttt  irliicb  vibration  baa 
commenced.  Mattere  ta  bo  Cronsirlortd  in  astirinn'tirig  the  iinpop- 
tsnce  of  BD  'earthquake.  Magnittiila  of  aroa  utTectod,  'Tliree 
classes  of  arena.     Practical  limit  of  ri  ahoek. 

DoftcriptiOn  of  thft  belts  of  earthquake  action.  Ni>rth  weBtern  aroa, 
including  Iceland.  Jfortiieni  band,  from  Sivafliun  into  Kus^idu 
Lapland.  Boulhffni  urea,  frorn  Portugal  to  tlu^  Azori:8,  Bawil 
from  Tunis,  thron^'h  Siuily,  into  Italj,  Ceulral  and  cBBtem 
Freiioh  area,  RliBuiiib  sysu'm.  Britifili  Islands,  western  France, 
and  the  CiinnDel  tnluadg  connected  byoiie<  bt'lt.  Eartbi^iiakefiin 
tb«  Carpalhiun  and  Balkan  ranges.  Earlhq^uuki's  in  easUTU 
Europe  bjiq  ilrccce,  nnd  nortb-eBBtem  Africa,  Liue  of  disiurb- 
atice  in  uortbem  India,  in  centrbl  Asi«  ftcd  in  northern  Aaia. 
Boutli  Ainoricaa  band.  Earthquake  area  in  north-woatcrn 
AmDrica  and  in  tbo  Arctic  ai:B3,  in  tbn  Antarctic  circlf,  in  Aus- 
tralia, andTsn  Dititwu'a  Land,  Ofcneral  concluaions cuncerumg 
tarthqiiakca.  DL'^tribntiQii  of  cartliquakus  itt  lime.  I'trre^'s 
and  Ihlalktt's  ctilculationsi  on  this  ht^ad.  KccoriJ'Cxl  carlhquakm 
considered,  SmaLl  proportion  of  really  important  e&i'thqualtes. 
14 Umber  of  days,  llmt  pa»»  vritbout  tiii  eurtbquake  being  felt. 

Low  of  earthquakd-diatribution.  P«rioda  of  iiittmaitj  and  inter- 
Tftls  of  repoae,  (he  usnol  low.  Certain  centuHu*  have  bfcn 
marked  by  gruat  rosnlts,  AnTingciueut  of  earthquake  areo*. 
Distribution  of  (.'arthquakt'S  in  lUU'erent  eoason^-  Caae  of  the 
^candinarian  ponmauhL  Case  of  the  l^rittsh  inlaiidi,  Spauibh 
pfninfiula.  Othur  parta  ofii.u™pe.  Worth  Atlantic  nnd  Worth 
Amci'iea.  West  Indies.  South  AiaoriM.  Eict'se  of  eartbquaknja 
in  winter  and  nutumn.  Periodicity  of  earl  iiqunkos  in  rci^FencB 
to  tlie  tnoou'a  a^ii.  Gmupa  of  smaller  earthquaksii.  "VuTj  I'vo- 
lent  iv-rflifjusA-Qn.    liiBtanoe  of  point  of  ori™. 
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PART  THE  SIXTH. 

LIFE. 


CHAPTER  xrni. 

THE   DT3TBJ5FTI0S  OF  PJJjrTS  13^  Tnt  DIFFIBBST  COUSTEUi 
O?   THE   EAHTQ. 

Bel&tion  of  life  to  the  uniTGrHe.  Titel  energy  n  form  of  force. 
Life  BD  eesedtittl,  not  an  exccptiouQl  pbeiiomenon.  Aliaecce  of 
inaterialism  in  tbia  view.  Selection  of  a  plan  of  creation,  lie- 
quirGmentH  of  life.  Conditioiie  faToorablo  to  \ii^.  I.ife  tkrants 
itwlf  in  erei-jwlit-iv.  Modifications  of  form  incident  to  life. 
Sffith  a  natural  and  inevitable  result  of  life,  Orowth  of  species 
reaembleB  ^!;roTi-lh  of  intllTirluala.  Dislrlbutton  of  plants  and 
aniiiiBls-  The  best  adajjted  sppcipg  mnst  be  those  eiigting  per- 
maneutlj  in  a  dialrict.     ImporlatLce  of  tlila  law  of  nature. 

Grouping  of  plant  life.  Crj/pioffamia^  Hahita  and  diatribution  of 
tbeac  plnnta.  Their  Bcedg  cverrwliere  preaGiit.  Monocof^ledotu, 
Kafcure  of  the  planta  thus,  named.  Dicoi^ledGas,-~-i\\z\t  nature 
■ad  structure.  Growth  of  plants.  Annnala  aiid  perennials. 
Conditions  faToiirable  to  the  distrLbutioD  of  plants.  Caueea 
climatoL  Limita  of  Tcgotation  de&iod  by  climate.  Adrimce  of 
vegftation  Bomctiniea  at  the  espeiiw;  of  ammal  ILTo,  Botauicnl 
regions,  Hujnboklt'arpgionB.  Distribution  in  spaco  bomoil tally 
may  compare  with  diatribulion  Tertioslly.  Ditt'ercnee  of  range 
of  plants  ia  dilTerent  districts,  bow  cauacd,  Species  of  plauta 
represent atitCj  not  identical.  Katuro  of  reprcsiintntion  in  hori- 
zoTitfll  apacp.  Trananiia&ion  of  epecjes  ioraetimes  poasibls,  but 
often  impOsaibk.  bUgration  of  plojits  limited,  but  uia-y  extend 
very  widely.    ExiLuipIea  of  very  witle  range. 

Floras  of  dilfcrent  ivgion?.  Indo-Austrslian  Ai'dipclHgo — roarkecl 
distinelion  in  floj-aa  of  the  wp^^tflm  and  eastern  bides.  Indo- 
Alalayan  region  and  its  bolauiral  cOnldiita.  !£xampl^  of  Java. 
Jloi-a  of  Hindoatan  plaitia.  Contriist  of  the  flora  of  tlio  linTik9 
of  tbe  Amazons  and  Brazd.  Fioi'a  of  tropical  Africa,  Differ- 
onee  of  Jloma  of  efistera  and  wefltcm  Afriwi.  Etipliorbia  tribe,  a 
ooauecting  link.  Tropical  Arabia  and  its  flora.  Flora.^  of  Africa 
out  of  tlie  tropics.  Aiitlralian  tionts.  Hp^cinl  floras  of  Tfopfolk 
Island  and  I*ow  Zealand,  FlofM  of  itfortli  Amenca.  Chome- 
tcrietic  plants  of  ths  middli?  Statca.  Ddferenco  of  Vegetation  on 
the  aisstem  ami  western  sides  of  the  continent.    Fuciiln  coeu^t 
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Ban.  TsliiTida  of  the  Pooifie,  MadagftSMTf  Bourbon,  unci  Sej- 
el]cUes  uiland&.  Sandw'icti  islund  group.  Ghikpagos  Ardiipclagg. 
SfiTect  of  natiim!  barriera  of  vnrioiiB  kinds  on  durae.  FlontA  of 
the  temperate  regions  of  tLe  Old  World.  Yanety  of  floriiB  in  the 
British  Islands.  CharMteriatips  of  vegetation  ofiaintral  Eiufope, 
DiffercncGS  north  and  sOutll  of  the  mountam  eliaiii.  'T>ijr«renc«e 
in  advMicmg  eflstwarde.  Jloraa  of  uordiem  Asm.  The  att-ppoa. 
Chinese  flora.  Arctic  Tcniet&tion. 
General  conclusion  <;f>niL-i;rnmg  land  floras  coDlrmed  bj  distribution 

iof  plaqts  in  the  oceoo.  Nature  of  mmrino  pbnt*.  Dr.  Hooter's 
proviucea  of  marine  vQgetuI  ion.  AVide  sprsad  of  tlie  more  highlj 
orgnnised  tTiAriae  ptante.  Lower  forma  of  Tegetable  bfe.  Con* 
ftrvtp  of  tho  Ecd  Sob  and  otliLT  soaa,  ThrougboiLt  all  nature  tbo 
reprweal stive  forms  can  life  with  such  otht-r,  No  new  centres 
of  crcafiioii  and  ar^tCniB  of  now  pl^einta.  Absenca  of  proof  of 
catnuIjamlQ  duBtruction,  or  sudden  destruction  of  groups  of 
aperiea       ■         .         ■         ,         , 
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TEE  BISl^lBtmOS  OP  AKIitiLS  OIT  THE  SABXH- 


Distrihution  of  land  flnlmals  reBemblen  that  of  plants,  following 
Bimilar  laws.  Specios  originnte  at  certain  ])0iilt8,  and  do  not 
natnrallT  pi-occod  beyond  a  cortaln  tli^tanoe.  Illnati-ation  in  tlie 
ca&e  of  Ibfl  borae  io'Eupope.  and  of  tbo  dog  in  Austmlin.  Tho 
dodo,  tho  rat,  the  wolf,  and  the  benTor,  further  illnstratlona. 
Introduction  of  man.  Dietributiou  of  marine  animals  aimilar, 
Kegiona  of  depth  eatablislied  by  Profcissor  E.  Forbes.  Di?tri- 
bution  of  tbti  nnijnal  kinjjdoci.  Iiihabitunta  of  tlio  sea.  Marine 
muiuuuds.  The  seal  and  walrus,  duf^ong  and  Dianateo.  Marinu 
birds.  The  pciiffiiin,  potrd,  and  ulbatroie.  The  peliean  and  cor- 
morant. Deposits  of  gunuc!  hy  birds.  Marino  reptdca.  Fiahos 
not  thfi  only  fit  tenants  of  the  wst-t-r.  Rare  ocawioiid  on  which 
fish  leafo  the  water.  Eiamples  of  "jing  llsh  and  creeping  fish, 
llablts  of  fiahea.  MoTcmenta  of  Esbts.  lixamplea  of  utriHigely- 
Bbap^d  fish  and  Sshas  with  singular  habita.  Fiab  adaplcd  for 
human  fi>od.  IlerrLng  and  cod.  Piali  liyo  in  deep  water.  Cma- 
taceiina.  Anoelids  or  worma.  DH-Dg-er  to  telflgroph  wires,  Mol- 
luscs- The  cuttle  flab  or  squid,  and  nflutdus — thoir  structure 
and  habits,  Other  aniinala  Lnlmbiting  shells — tlieir  bi'aut^y  and 
babita.  PbDepborodcclit  tnoUusus  ami  allied  animals.  Tlie^ttl|)ft. 
Railiated  aiiiniBls.  Star  fiah  of  Tarioilft  klnda.  PJ^eovery  of 
etar  fieb  at  \i\e  hoiicim  of  the  Atlantic.  Sea  netLlci,uud  Medusce 
Or  jelly  ila.h-^iht?ir  use  as  food  for  tha  largest  aqunLlic  AuimaU. 
Sea  ant'oioneg  and  polj'pa.  Cord  uiumale  und  thaip  structures. 
ForaminiriiinD  or  Ihe  inbubitaitta  of  miui^-oliatubered  shellH. 
Sponges— their  structure. 

X/and  MaimMJs.    lusects  and  B^dcvs.    Jss&ii^  genoTEtlily  mOsl  b,\}Ms- 
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dant  in  the  tropica.  "Ei^aurj  of  catuml  barriers.  Mountaiu 
ehajng  oud  nvers  coinpflred+  AbuntUnce  cf  ingects  near  tropi- 
ca] nVfrSi  ConvcjauLt^  of  certain,  spccios.  XJmilation  of  som£, 
sa  the  tsei-zfe,  to  certain  ]r>caJitiea.  Inseds  with  great  powera 
of  flight.  Lojupta  and  ants  migrate.  G-reat  infiuiciice  of  the 
iiriiCTatory  ioBtinct.  Law  of  iinture  deduoed  frtsm  atudying  the 
^.iustiacta  of  ^pcidi^a  and  lo^al  faunaa.  Distribution  of  reptiJea. 
Their  pecii]iarttii».  A'otural  gToiips.  Jbta  anil  Ame'rica  ex- 
tremely rich  in  ppe<^ir9,  ATastralmn  unlite  ABi&tic  species, 
'Broga  much  Htnited.  The  Hurinom  and  Eniziliaa  toada  com- 
parai.  Serpenta  of  Europie'  coiilpaated  with  tliose  of  North 
Ammoa  and  Amtraha  in  similar  latitudes.  AfriPttj  tho  land  of 
lerpents,  Tmjjical  AfricB  rtnd  tropical  Ameri«i  compdred.  Cro- 
cf^ili.'?  in  T&rioua  warm  roniitrii's.  !E>ang;B  of  crocodile*.  Asia 
rieb  in  llKarrla.  Tortoiaes  and  turtt«3.  Slnrine  turtlwi.  Lwge 
districts  witliout  reptilps.  Birds,  their  great  powers  of  locomO' 
tioii.  Katiiral  groups  of  birda.  Tropkal  Ameticc  the  richest 
country,  Miration  of  birds.  European  charactmstic  birds  are 
fiiLcbee  tmd  Bin^Dg  birds.  Asiatic  gHltinsceutis  birda  also  cbar^c- 
tfiristic.  Brazilian  birds  cstremelj  brilliant  iii  plumage.  Afiica 
rich  in  birds.  Ostrich,  acLTclBiy  bird,  honej  birda  and  parrots, 
Terj  coiHQira.  Sontli  Ameriaft  aleo  rich.  HumiBing  birds  and 
parrot*  Tcry  abundant,  but  not  casilj  obtained.  A'ulturea  and 
coiido'rs  CQminoii  in  Boiith  America.  Auslriidinn  hirds  very 
H^^W.  AnatTaUan  bird  fauna,  and  the  aptcrjx-  E3i:incfc 
Bp^t'ies. 
QnatlrupedsprmainiriRls.  Their  wide  iJiatribution.  Natiaral  grDupa. 
Monkeys,  baboons,  chimpansec,  and  gorilla,  in  central  Africa. 
Camivora,  riclieet  in  the  tropics.  Nuiofroua  species  fonnd  in 
Dorthcm  Asia.  !AliS.tUro  oi  epcciL-a  f^iuod  tb>er«^.  InStauce  in 
the  BCftly  ant  eaters.  Complete  seperEtion  from  the  AuatraliaTi 
types.  The  maraupifll  cbaructcr  of  all  tho  specicB.  Peeuliarity 
of  Auetrulisn  ffliintLa,  Ab-icfl  &  curious  Ecological  provines. 
Srtulh  A-mcrioan  and  Australian  qnadrupeda  maj  be  compared. 
TCorth  AratiricaFrTDBrkftbldfoplar^rnniijiftnts.  General  resmm?. 
The  conditLoii  of  quadrupeds  corresporidB  with  that  of  plant*, 
Buggt'EtioTia  Eta  to  how  tbe  chtlngea  biive  bci^n  introduced. 
Probfible  law  gaveming  auob  chaogea 
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CHAPTER  S3L 

DISTEOUTIOH^  OB"  PI.A»Ta  AJTO  AlflMAIB  UT  TIKB. 

Old  argument  confierninff  organic  rfimaina.  Origin  of  the  name 
J'ossiL  Idt'iitity  with  tlio  indicationa  of  esdnct  Bnimols.  Origin 
of  I'afsofitiilofff/  ft&  a  scieuce.  Distribution  of  species  in  time  a 
law  of  nature.  Rcsnlta  that  slioitld  be  obtained  bv  ttie  study  of 
puljeontologT.  Proa]iccl3  of  fiitiu-e  and  more  complete  dlBCOTery 
of  thalaws  of  ilibtribution.    Present  state  of  llie  science. 
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munpticrD  of  flpeciitc  centres.  Xctf uml  prorincM  tbiu  dcsi^ated. 
Seeessitv  of  lra^:iiig  back  the  IiiBlorj  DrproTiiicea.  Helation  of 
Tanotia  fiirailii?5  ofaiiimflla  and  plants  in  onfl  prorint'e,  ConneC' 
tlou  of  races  aeparatpil  by  impassable  bairiers.  Examplo  in  the 
ca»B  of  *]ic  marimf  faunaa  of  t!ie  eastern  and  wtsK-ni  alioMie  of 
t-entral  jimerica.  Otbtir  examples  in  ihe  islanda  of  thp  Pai!i]io. 
I>istTibution,  in  time,  of  the  suinenuturei     Oi-eut  nmoLint  of  tune' 

Proof  tbat  the  conditioDA  of  the  earth  and  its  relation  to  the  situ 
have  alwt^j^  bwq  ths  siiwue.  Deatli  hna  ntwaj-s  ancompanit'd  lU'e, 
>'o  mouopol^  of  life  Ht  any  time.  The  epecies  q5  wull  db  the  in- 
dividual dies.  New  fpeciea  introduced,  but  tlae  law  or  method 
of  introdui'tion  not  taught,  Mr.  IJorwin's  induction  on  tliia 
subject,  llie  great  etruggle  for  ei^tenoe,  end  tlie  check  on  in- 
definite eitenBiflii  of  any  spepieg..  All  spet-ies  Hnbic  to  frowding 
cut  und  de?tnit'tiou.  Hf^idt  oT  the  atru^gk  forexuteiKX;,  liiuiit 
of  huoian  power  in  uiodilying  specice.  Law  of  natural  Bclection 
0.3  applied  to  speeicB.  Order  arisos  out  of  this  in<'CEBat^t  struggle. 
Derirtitioii  of  speeies  the  mo?>t  simple  and  orderly  law. 
Yeg«tpb|o  remains  found  in  rocka  of  nil  agoa.  All  kinds  of  pUnta 
uioiuded,  CttiobriBD  tegetabk  foesjle^  mnrine.  Land  plants  in 
silurinn  rooks.  K^^mainfi  of  ferns  most  abundant.  Club  mosses, 
iTfCftda  and  ooniffras  Beeompany  {ems.  Lepidod«ndran,  csia- 
mitra  and  sigillai'iiDj  the  nanjes  (;iTen  to  the  oto^t  remarkHble  and 
ohundant  iMCa.  iecoimt  of  thu  lepidodt'tidHja  and  fli^iimariB, 
Zuoios  andCvcadftof  eomewhnt  less  anci^itt  date-  Ti^rtiurj  foHsil 
T^^tntion.  t>i]£milty  of  iilcntU] cation  of  ibasil  plants. 
AniiuEd  remaini.  Profosotf.  Spouses — their  peouliarilieB  of  struc- 
ture and  diBtributioii.  Ibftuniti^efa — tht<ir  BtrUctilxe,  hAbitut, 
iifiteu!.  of  fojsii  remniUfl,  nnd  exiatenoe  ia  theoldest  rot^fee.  I»Brge 
TOolfE  mat^e  up  of  t'QHsila  of  tliis  kinij.  The  mud  of  the  Atlontio 
■made  up  of  tb«ir  skeletons.  Si^colea  niuucd,  many :  but  real 
Bpeciea  probnbly  few.  Wide  range  of  eome  9p<H!ie-s.  Other  foB- 
al  invert ebni tea.  GraptolUes — their  range  dhJ  mDileni  repre- 
MDtativc.  Stony  ccrala.  Brijutoa,  and  tlieir  range.  Slot- 
fichcs,  and  other  Radiaia.  Petit aerinit^B.  Distribution  of  radiatft 
in  timo,  Ariicuiitta,  ond  tlieir  diftribution  in  time.  Bnriiaplea 
cQmoioii  in  tbe  rockfl  of  Ike  eretuceotis  period.  CniBtnc4:^atiB. 
Enivvtoilraca  widely  ipread  from  the  cai-lieet  time.  Liirge  size 
of  Old  red  AandBtuiic  eruslareans.  Eesemblil-nco  to  Umulu&,  Tri- 
lobites  yery  cominon  m  olil  rocka,  BtructutowiddititriUution  of 
trilobitOB.  Lii:4^t.«,  not  abundiuit  in  a  iom'A  state  Kxaniplea  of 
fo&iii]  genera.  Mofhsca  vwry  eommon  and  widely  ("prt^ad.  Value 
of  moUuficouH  rumnina  cud  atiella  in  geology.  Thebrochiopodaaud 
their  dietributioQ  riow  »iid  formerly.  Eabita  of  cxiating  spwitis. 
Great  resemblance  of  aOme  foBsil  to  boulq  rertut  »pee.ied^  Abet- 
ront  fbnus  of  bruohiopoda.  ILhynehonelln,  and  its  repro'semtO' 
tjves.  Great  obundanco  of  oitiuct  Hpeoie».  Other  Vanetiea  of 
bruchiDpodoii!]  shelle.  Other  biralve  sliella.  Large  ouuiber  of 
eiliiiet  BperitfB.  B^nmrkable  jjroups,  Oysters,  Bcnllo^a,  (sootleB, 
boring  sWllsj  iitid  othem.    Extinct  tlairdlvee.     tinivUa.     HclQW- 
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{K>d&.  Cepbakmoda..  Vnioiu  and  numerDCU  ertiBCt  farms  oF 
n^iinlopods,  Jjiuiipnitea  luid  bdenmites— vide  diftnbatiou  of 
dicw  muvalre  midliiBCt  in  ccrtam  roc^v.  and  xbsenoe  of  tbfm  in 
older  rocks.  £x|dauatiim  BOfEgerted  b;  Mt.  DsmiQ.  XmprHbo- 
tiOD  of  the  geologic  Nc»?d  the  real  cause.     NalUfeof  this  record. 

Dtml>t  wbetli^  £■£*»  irere  Kwdsted  with  less  complex  ff>rraa  of 
animal  life  m  old  raeki.  01de«t  £sb  remaina  jet  df^cribed. 
Kindi  of  £ah  reproNiDted.  Goprolitee  of  £she&  Sijinea  and 
teeth  carnraon  withfragmentaof  the  eiin.  Difficulty  ot  aeeouQt- 
ing  for  the  introducrton  of  new  species.  Doubt  wiietber  the 
ndgHtiTe  eridcDix  afibnicd  by  the  ab«£Dce  of  fiabas  is  ei^mfifsjiC. 
AbundaDce  of  reitiiunf  of  fharka  and  rar^,  aud  rarity  of  otlier 
^baa^  reiounfi  in  old  rocks.  P^aaon  why  tbL-  teeth  are  raoftt  fr^ 
qufiotly  Bud  beat  preseryfflL  Limit  of  teeth  of  trac  sharks.  K#- 
nurkable  forme  of  Bihea.  The  Pteric&thyg,  CrphaliXfpit,  Cowo^ 
iemw,  and  othe^r  cbarsctariKtic  fi?bra  of  the  old  r^  sandstone. 
Silupoid  fish.  Flagstones  of  CoithtiKS  modified  by  lliese  foasik. 
Meijallchlhifs,  its  pecoliaritieft  of  etructun?.  IjfpidotMgj  itapecn- 
liaritiea.  Sturgeatis,  eword-Ssh,  and  knowa  forms  eiso  found 
foesiL  Professor  Owen's  concla&ion*  with  regard  to  fossil 
£shM.  V^oe  of  fieha  to  the  paUconTologiat  and  geologist. 
Thia  does  not  inTolve  a  neeeBsary  adTance  in  all  species. 

Ichnology,  a  peculiar  deportmeDt  of  paiffionlologT.  Fossil  foot- 
st^s.  IndicalioDfl  of  iuaniitiote  and  ajxiraate  nature  in  ancient 
tinier,  thus  designated.  ^Nature  of  sUch  iudicatioiis,  A£ode  in 
which  impressions  may  have  been  pre^rred.  Curious  objects 
indinted  in  old  rocks,  Lahryxnthodon  thus  ongmally  diKOTgred. 
CToritma  structure  and  habits  of  thie  Sinimal.  Sin^nihir  propor- 
tions of  iheeTtreinitjea.  The  footprints  onco  calittl  ClnrotheiHunt. 
Valije  of  these  itidicotiona.  Conclusion  witii  regard  to  (.'kssiSca- 
tion  aUggtratcd  by  them. 

Reptilian  reiiiainB.  Murine  reptiles  of  large  size.  IchlfijfogavrAt. 
Minutt*  di^taila  of  the  anlnaAl  mode  out.  Combinalion  of  fish 
ond  repliiinn  cliaraetera  in  th&  Flacodtcs.  Couipari^on  -with 
Australian  liziirda.  Structiire  of  the  I'l^siotannu,  aacther 
marine  Bsurian.  OuriouB  form  of  skeleton.  The  Pltoaaume 
less  abnormal  in  some  respects.  CuriouB  saoriaOj  whoeeTamaLinB 
were  fouod  m  South  Africa  {l}icjfnodan).  The  BhifnchosaHi'tts, 
fouud  ia  England.  The  Pterodacf^l^  a  very  remarkable  reptile, 
adapted  for  long  flight.  Tlie  Mei^alosaurvis,  or  great  oaTniForona 
reptile,  llic  It/vunodont  &  herbivorous  geuue.  Croeoiiil'M  «nJ 
orocodilcan  repldes.  Lizards  of  large  proporliiMia  m  the  chnlk^ 
Serpemt^,  tortoiees  and  turtltia.  Profl^jsoF  Owen's  eoncluaiocs 
eoncemin^  ri3p(iiep. 

Mammals  (quadra pels)  mid  birds  now  the  niiing  nTiimjils.  Bird*, 
known  by  their  lODt&tepa^  which  are  peculiar.  Dr.  Green's  dia«' 
corery  of  feird'a  footsteps  in  Amwica.  No  other  proof  needed 
of  the  eristi'neo  of  the  bird,  Small  value  of  negative  evidsnce 
iUtiBtrated  by  this  einmplc.  Modern  diacovcriCB  of  bird's  re- 
m&ina.  The  dinornix  of  New  Zealand.  Comparison  with  the 
apterj'i,    Eird3'  og^s,  froni  Madflgnscar.     Dodo  and  HoUtaire  in 
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Mouritiue,  PcculiiititiM  of  the  dodo.  RBrity  of  bird's  renwuis. 
Oct'urrcntic  of  rouiiLms  of  ijuadniputlfl,  DifBculty  of  dyt^srmino- 
tiou  fivm  the  eTideni?«  generally  obt&iui^d.  Valua  q(  coriain 
paH«  of  blie  bonj  frnino-Tfork.  Eitremo  value  of  teeth  whea 
they  remfuii.  Oldest  kaowo  forms  of  qiiadnipedaJ  Uftj  mar-^ 
aupiai  and  rery  smalL  Otber  marsumal  quadnipeda  of  sniaU 
iix@  mad«  known  in  the  oolites,  Vulita  of  the  evidence  thus 
sffonled.  Tlie  tertiary  rocks  richest  in  mammaliB.ii  romaiiiB, 
Earlieet  formsi  in  (ertiiiry  period,  Tapir-lito  aninxals,  CllTier's 
iliafOTerie&  of  eitinct  pachjdIermB  aad  ruminatita  in  tho  Faria 
S&eiu  di^pOGitB.  Other  aDimiLb  t'mca  discovered.  Camivonir 
Edentates.  Whales.  Phosphatie  beds  eompOBed  of  bonea  and 
other  organic  remaina.  Chan;^  of  quadrupuds  In  neWHr  tof- 
ti&tief,  Kemnins  of  elephiiDtB  associated  with,  huinaii  produc- 
tioEu.  Remains  of  quadriiniaitouiB  animsle.  Other  gigantie 
quadnipiHls  now  extinct. 
De<iuctioii8  from  the  facts  of  paleontology.  Inquiry  an  to  hoyt  (ax 
Epeclea  are  &xed  and  deiinito.  Nuturd  of  speciSc  pharacters. 
Mr.  Darwin'a  argument  alluded,  to.  Xiaw  of  nature  in  rMpoet 
to  the  continnance  of  spccLes,  ModiUcotion  of  epecioB  leading 
lo  Mtinctioa.  Ck^norai  result  of  the  investigations  of  palaeon- 
tology as  stated  by  Profesaor  Owen  ..... 
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lafluence  cf  man  gs&^tev  than  other  Bnimale.  Eea\ilt  of  biiming 
prairiea  and  foret>t&.  Taet  extent  of  a  siugl'd  fire  under  certcin 
oircHmataneea,  Effect  generally  greatest  in  civiliBed  coutitricfi. 
Edfect  in  deteriorating  cliniofce.  Land  originally  thickly  wgodcd 
in  tempemte  climates.  Naked  rooks  and  monQtaJn  eidee  onee 
enyvrod  with  foreat.  Exatuplea  in  the  Ionian  I&intidB.  In- 
fluenoe  of  pertain  animnls  iji  cliocliLiig  the  inereaw  of  forCat. 
Difficulty  of  cueaauni'ig  the  result.  Statistical  statement  of  the 
cultivated  Linda  in  North  .imericfl.  Quantity  of  food  grown, 
Different  waya in whioli  human  induenoe  istiertcd.  Deatmction 
of  WPtJiio  anixaU,  as  birds  and!  inaecta, — result  of  tluB  not  seen 
immediiitely.  Electric  influeticc  eicfi-iBed  by  foreeta,  Influcnee 
on  the  atate  of  the  atmosphere.  On  the  temperature.  On 
certain  soila  more  than  othera.  On  more  rather  tlian  on  leas 
eipoaed  aoile.  Eesult  of  clearing  the  Apennines  on  the  rnlley  of 
the  Po.  Increaacd  wind*  On  aceomit  of  thiB  change.  Result;  of 
removing  the  pine  woods  of  Ravenna,  and  of  allowing  the  trees 
aftenpartls  to  grow.  The  vaileya  of  Bergamo  sheeted  by  the  die- 
foreating  of  tho  adjacent  country.  Siinilar  results  in  Belgium, 
in  FranpOj  BJid  in  Canada.  Cbnn^e:  of  climate  probable  in  the 
aorth  teinpemtr  zosa  Changes  in  the  rivers.  Pro\)tt\i\e.  Ul- 
Solace  of  torests  on  Fain.    Dfytiess  of  many  pavta  oS  Vob  cotv' 
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tiDcnt  cBuaed  by  the  remcurBl  of  wood.  K«atorutg  forest  h&& 
produced  wetter  aea^ons  in  Egypt  and  elBowhore.  ForeatB 
aJTect  the  supply  of  water  to  springs.  lUuatration.  of  cliauge  in 
the  valley  of  AraguB.  Conaequcatly  of  change  ^ery  distant. 
Ai?tual  quantity  of  woodJjind  in  France  in  1750  iiiid  I860. 

Other  effectb  >Gf  hum&u  ixiJluDncEi,  Dnuna^c  of  Liles  and  fens. 
Examplea  ia  Eugland— in  Uolland.  New  bonks  and  dykm 
formed.  Q-powth  of  Yegptation  atrpo^henbg  sueli  new  b&ukB. 
Mode  of  forming  an  embankment.  Dralnii^^eoflak&Qf  Haarlem. 
How  and  when  effected.  Drainjigc  of  lakes  in  ancient  timi^a  in 
Itidy — in  ChCi — ^and  in  Switzerland.  Drainag<:  alTocta  the  eva- 
poraticn,  and  t^os  tlie  tempuHiture,  Irrigatioa  accompanyiag' 
drainage.  Q-reat  antiquity  at  irrigiition.  ExamplcH  in  PbJbb- 
tine,  ^poin,  and  Turkey.  Result,  on  the  water  couraes  in  Lom- 
bajdy.  Kmbankmcnts  and  production  of  artificial  channels  af- 
fecting the  transmieeiou  of  water,  Esampl&a  of  de'tfinting  etrenniH 
from  tbeif  natural  cOuraeH.     Yal  di  Chiana. 

Depodita  of  aand.  AdTance  af  eand  on  Che  shores  of  CSaacony  and 
in  the  great  aahora.  Available  means  in  Tegetation  for  eheckijig 
the  adTance.  Conditions  of  the  eund  while  advancing.  Produc- 
tion of  hilla  artificially  or  naturally.  Dunes  or  sand  hilla  on  the 
ihor^  of  the  Bay  of  Biacay.  Temlile  result  of  neglect  of  dunee- 
Mode  of  their  dentruotioD.  now  sand  hilla  cuu  be  fonned  or 
caused  to  form.  Uso  of  the  Arnndo  arenaria  or  marram.  PpD- 
tection  of  dimes  by  planting. 

Effect  o£  engineering  and  otbar  operations.  Cutting  acro&a  isth* 
muses.  Deposits  left  to  liarden  and  colleet.  Piercing  the  maf 
of  acarcm,  Heaps  ofpotaberde  and  rubbifih.  Mining  for  coal 
or  metals.    Bpriiigs  thus  oflectod 
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PART  THE   FIRST. 

INTRODUCTION. 


AsotrsD  the  sua  as  a  centre  there  fbtoIvb  a  vast  but  nn- 
knowD  multitude  of  material  bodiea,  all  governed  by  the  same 
general  laws,  nnd  apparently  poesesstng  many  mutual  relations. 
These,  together  form  the  eolar  system,  or  that  portion,  of 
Lbe  universe  with  which  the  inhabitants  of  the  earth  have 
traceable  relations.  A  few  of  theae  bodies  are  the  six  planeU 
toown  from  the  earliest  dmea.  Among  their  number  is 
included  the  earth  on  which  we  live.  Two  other  planets, 
much  more  distant  from  the  aun  than  those  recoguiaed  in 
aucieDt  times,  but  comparable  with  Lhem  in  all  essential 
points  wei'e  diftcovered,  one  in  the  last  and  the  other  In  the 
present  centary.  More  than  seventy  celestial  bodii^s,  mncfa 
smaller  in  dimensions,  and  very  exceptional  in  their  raove- 
meuts,  have  been  made  out  within  the  preaeiit  tentmy,  most 
of  lb<5m  httTing  been  discovered  since  the  year  1845,  A  still 
less  orderly  and  countless  multitude  of  material  franments 
appear  to  revolve  round  the  sun,  nearly  at  the  same  distance 
a9  Che  earth,  but  vvith  double  its  rapidity.  These  cross  the 
path  of  the  earth  twice  a  year^  in  August  and  November,  and 
such  of  the  fragments  as  then  pass  throug^h  the  atmosphere 
become  hot  and  luminous  by  the  friction,  and  are  recojTnised 
aa  shooting  stars.  Who  cau  tell  with  what  other  similar 
gpiupe  space  id  peopled,  falling  in  ihe  way  of  other  pbineta,  or 
roaming  unioterruptedly  in  the  enormous  spaces  between  the 
Bun  aud  the  more  distant  planets  ■'    These  spticea  are  occ^- 
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sional]y  crossed  by  comets,  of  wkich  some  reach  far  beyoad 
tlie  furthest  known  extension  of  our  system*  and  others  are 
confined  within  narrow  liLqita.  It  is  not  unlikely  that  matter 
in  some  form— an  ether,  or  exceedingly  thin  vapour — extends 
everywhere^  and  forms  the  conaectiiig  link,  conveying  and 
<!orfi  muni  eating  light  and  heat,  and  conducting  to  8Un3  and  stara 
from  distant  space  the  fuel  that  keeps  the  material  universe 
in  equilihrium.  "With  few  exceptions  the  various  bodies  com- 
poaing  our  planetary  system  fill  move  within  one  very  thiii 
slice  of  a  sphere,  whose  centre  is  the  sun,  and  radius  the 
longer  Mis  of  the  orbit  of  the  outermost  comet.  Within  Ihat 
greflt  sphere,  of  which  the  sun  ia  the  centre,  and  which  thus 
includes  the  extreme  wandering  of  the  most  oatlying  of  its 
dependencies — a  sphere  of  limited  dimensions^  and  of  which 
figures  may  express  the  dimensions,  but,  of  which  no  stretch 
Df  the  imagination  can  conceive  the  real  magnitudo — all  that 
exists  would  eeem  to  he  in  iuceaaant  motion.  Each  atom 
that  helps  to  make  up  the  whole  has  a  special  motion  with 
reference  to  the  particular  form  of  matter  of  which  it  is  a 
part,  and  each  mass  also^  whether  a  mere  thin  vapour  or  4  . 
dense  solid,  has  another,  and  quite  independent  motion,  co- 
existent ^ith  it.  Everj'  group  of  such  masses  has  agaia 
other  motions,  and  all  are  governed  by  ia-n's  ao  wise,  su  far- 
seeing,  60  perfect,  that  the  combined  motioQs  produce  only 
definite,  regulated  and  fore-ordained  chan^jes,  aud  coudnce  to 
the  well  being  of  the  whole  Hyatem.  The  most  intelligent 
and  the  widetst  idea  of  creative  jiower  is  certainly  that  which 
assumes  the  most  perfect  mutual  adaptation  of  every  member 
of  the  whole  system. 

Heat,  light,  electricity  aud  magnetism,  are  names  given  for 
various  eJcprestiions,  conditions,  or  recognisable  attributes  of 
matter.  They  m-e  the  espreasions  we  use  to  enable  us  to  ' 
epeak  conveniGnily  of  Certain  grand  and  definite  results  of 
vanous  forms  of  force  exhibited  in  motinna  going  on  through 
space.  Wherever  motion  takes  place  there  are  resuJts  whose 
special  nature  and  modes  of  presentment  lare  determined  by 
circumstances,  but  whenever  aud  wherever  motion  occurs  it  is 
merely  an  expression  of  heat,  light,  or  electricity,  and  is  con- 
vertible into  one  or  other  of  them.  This  ia  one  of  the 
axioms  of  modern  physical  science.  That  motion  is  not 
limited  to  the  masses  of  bodies,  but  is  actively  taking  placo 
alvvaya*  sjid    under    all  circa mstftnces^  within  all    maBseSi, 
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hether  solid,  liquid  or  gEseone,  and  often  without  approacli- 
iug  the  surface,  is  tlie  first  and  greatest  lesson  tliat  the 
studeQt  of  physical  geography  aud  geology  must  learn. 

Most  of  the  heavenly  hodies — the  earth  and  moon  atnonfTst 
the  nuo3Ll->f;f — are  nearly  spheneai  in  form,  but  owing  to  the 
action  ot  certain  laiTs  that  govern  matter  the  epherea  are 
flattened  so  that  a  bulge  is  preseDted  at  the  equator  and  a 
compression  at  the  poles.  The  earth,  like  the  other  planets, 
revolves  round  an  iraaainary  axis,  and  revolves  also  round  the 
sun.  The  poles  are  tba  points  on  tho  siufaee  through  which 
such  an,  axis  iTOold  pass  ii"  it  really  existed.  The  equator  is 
the  circumference  of  the  earth  equidistant  from  these  poles. 

The  earth  is  the  third  in  distance  from  the  sun  and  the 
fifth  in  magnitude  of  the  larger  planetary  bodies  of  our  system. 
Like  others  of  the  loiter  planets,  it  has  a  satellite  or  follower, 
a  smaller  apherical  bodyi  revolving  round  it  with  grt^at  regu- 
larity, and  revolving  with  it  round  the  isull.  This  satellitB  we 
call  the  "moon."  It  intluences  the  earth,  and  is  influenced 
by  the  earth.  Each  affada  ilia  other  in  proportion  to  the 
quantity  of  matter  each  contains. 

The  magnitude  of  the  earth,  as  efttimaied  from  careful 
ujeasurements,  may  be  thus  stated.  The  mean  diiimetei*  may 
be  taken  as  about  7,9-20  British  statute  miles,  or,  in  other 
words,  the  distance  of  the  centre  from  any  point  of  the 
sorfjice  would  be  3,003  miles,  if  the  earth  were  a  regular  ami 
perfect  sphere.  Aa,  however,  the  equator  bulges,  ami  the 
■jwles  are  flatteiied,  the  distance?  of  the  poles  from  the  centre 
is  only  about  -3>tl5G^  miles,  while  the  distance  of  a  point  oa 
the  equator  from  the  centre  is  as  much  as  fl.OOOJ  miles.  The 
difference  of  diaraetera  (called  tho  couipremon)  hiiH  been  cal- 
culated mth  very  great  cai'e.  It  is  iOj^  mjlegv  4  distance 
nearly  double  that  which  exists  between  the  estreine  deptha 
of  the  ocean  and  the  loftiest  mountain  peak.  The  earth's 
surface  contains  nearly  197,il00.000  square  statute  milea. 
Its  solid  content  is  'ilbO.OOO  millions  of  cubic  miles.  Th^ 
form  of  the  earth  is  not,  however,  perfectly  regular,  and  thus 
a  line  drawn  from  the  centre  to  the  surface  in  the  Pacific- 
Ocean  is  nearly  a  mile  longer,  and  a  line  drawn  at  right 
angles  to  this  a  mile  shorter  than  tlie  average. 

The  rarimis  cakulations  made  agree  within  a  small  fraction 
of  the  whole,  and  the  figures  given  above  are  tlie  latest  reeults 
attainable. 
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The  diatance  of  the  moon  from  the  earth  is  about  939,000 
miles,  or  thirty  tiraes  the  tliameter  of  the  earth.  The  mass 
of  the  moon,  which  is  only  about  one-eightieth  part  of  the 
mass  of  the  carlh.  is  atill  auffieient  at  that  distance  to  pro- 
duce disturbances  ui  considerable  magnitude  on  the  suiface  of 
our  planet 

This  is  ehleflj  recognised  in  reference  to  the  great  body 
of  waler  that  covers  ao  krge  a  pert  of  the  surface.  It  pie- 
ducfs  there  the  oceanic  tides,  and  in  the  atmogphere  there 
are  similar  movements  eHected>  both  at  fixed  iatervala,  and 
irregularly. 

The  mean  diataiics  of  the  earth  from  the  sun  is  94,800,000 
miles ;  but  the  distance  is  not  at  all  times  the  same,  owing  to 
the  fact  that  the  orbit  is  elliptical,  and  not  circular.  More- 
over, the  ejtcetitricity  of  the  orbit,  or  difference  between  the 
ideal  circle  and  real  ellipse,  variea  from  year  to  year  through 
a  very  long  cycle,  and  thus  are  introduced  causes  of  change 
ivhich  may  be  of  great  importance.  Thus,  is-hen  the  eicen- 
tricity  is  greatest,  the  greatest  distance  from  the  sun  to  tho 
earth  muy  amount  to  H)^j,*;i56,873  miles,  &ni  its  nearest 
dislance  will  tben  be  only  87,503,039  miles,  ehowing  the 
very  consideralile  diilerenca  of  14,753,834  miles,  or  more 
than  oueseventh  of  the  longer  se mi-diameter.  Tliis  is  a 
very  important  fact  for  as  the  amount  of  heat  received  from 
the  Bun  varies  as  the  square  of  the  distance,  It  follows  that 
the  quantity  of  heat  received  in  the  former  position,  compared 
with  that  in  the  latter,  will  be  as  19  to  SO. 

So  slow,  however,  is  the  change  in  excentricily,  that 
although  it  is  now  diminisliing,  and  has  been  So  for  a  long 
time,  it  will  continue  to  do  so  for  nearly  twenty-four  thousand 
years  without  being  reduced  to  a  minimum. 

The  actual  distance  of  the  sua  from  the  earth  changes  every 
day,  and  omng  to  certain  changes  that  take  place  in  its  raove- 
ineuta,  also  occupying  a  long  cycle,  (extending,  however,  over 
35,flS6  years  only),  it  happens  that,  occasionally,  (as  at  pre- 
fieiit)  the  earth  is  nearer  to  the  sun  in  the  aotahern  hemisphere 
during  winter  thaa  [lurmg  summer.  At  other  parts  of  that 
cycle  the  case  is  different  If,  when  the  eccentricity  is 
greatest,  the  earth  should  happen  to  be  in  such  a  part  of  this 
ktter  cycle  that  the  case  Is  reversed  (the  earth  being  nearest 
in  Bummer)  the  land  of  tho  northern  hemisphere  would  be 
warmed  only  tti  the  very  minimum  extent  in  winter,   and 
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ated  to  a  masimuni  in  summer.  The  difference  woulJ  then 
qiial  ooB'fifth  of  the  whole.  There  vould  then  be  I'ar  more 
estrerae  qlimates  on  the  earth  than  there  are  now.  Caus^  of 
change  of  climate  are  thus  introducedt  which  mav  account  for 
ibose  singular  diiTerences  that  an  esaminatirjo  of  the  earth "s 
crust  has  shown  to  have  taken  place  in  former  times.  The 
total  quantity  of  heat  received  from  the  sun  in  a  year  would, 
however,  change  esceedingiy  Jitlle, 

The  present  esceotricity  of  the  earth's  orbit  is  such  that 
during  winter,  when  nearest  the  aun,  the  distance  is  OS.'JtSO^TOT 
miles,  and  in  summer,  when  furthest  from  it,  is  06,331,707- 
Between  nine  and  ten  thousand  years  ago  the  earth  was 
nearest  the  suti  in  summer  and  furthest  in  winter,  and  the  ex- 
centricity  was  greater  than  it  in  now.  This  difilerenca  was 
certainly  sufficient  to  produce  a  fjir  more  excessive  climate, 
lliat  i*.  a  climate  much  hotter  in  summer  and  cooler  in  wdter- 
As  much  03  *-i  10,01*0  years  ago  the  difTercnco  waa  pearly  a 
miudmura  iu  every  way.  Then,  perhaps,  was  one  of  the  glacial 
periods  of  geologists,  for  then  the  winter  wna  nearly  a  month 
longer  than  aiimmer,  as  well  as  much  colder  than  it  is  now. 

The  efirtli  revolves  round  the  sun  ^nearly  HOO  milUons  of 
miles)  in  a  ytar,  coneisting  of  305  days  or  revolutions  of  the 
earth,  and  nearly  one-fourth  part  of  a  day  mora.  The  exact 
length  of  ihc  -civil'  year  is  ^65  days,  5  hom-s,  -ISm..  47 .^y. 
The  day  is  the  period  of  rotation  of  the  earth  rouud  Its  imagi- 
nary axis.  This  ideal  axis  is  not  always  the  same,  and  it  is 
inclined  at  a  certain  angle  to  the  piano  passing  through  the 
centres  of  the  sun  and  earth,  and  in  which,  therefore,  tbo  earth 
revolves  round  the  sua.  Thus  it  ariaea  that  the  length  of  day 
and  night  is  only  ei]ual  at  the  e^lnator  all  the  ys ar  round,  but 
that  at  eiich  place  there  are  two  oce-asiona  in  the  yenr  when 
the  length  of  day  and  night  ia  the  same.  These  times  are 
called  equinoxes,  (equal  nights].  As  the  lighi,  so  alao  heat, 
is  very  irregularly  distributed  over  the  earth- 

The  iiuii  is  en(>rmously  large  in  comparison,  not  only  with 
the  earth,  hut  with  all  the  bodies  of  oursyatera.  Its  diameter 
is  848,077  miles.  It  has,  therefore,  a  diameter  more  than  a 
hundred  times  greater  than  that  of  the  earth.  In  bulk  it  is 
equivalent  to  nearly  a  million  and  a  quarter  such  globes  as 
uurs.  But  a  large  part  is  probably  in  a  state  of  gas,  and  the 
matter  of  the  sun  is  certainly  very  much  less  dense  than  that 
of  the  earth,     Thas,  in  actual  quantity  of  raalUt,  It  \a  oiA^^ 
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aliout  320,000  times  gr^uter  thfiii  ibe  earlh.  It  ia,  however, 
J,80O  tittieK  greater  in  actual  quantity  of  mfttter  than  all  the 
planetary  bodies,  satellites  and  comets  forming  the  ayalem  of 
loilies  of  which  it  is  the  centre,  and  this  vastness  of  its  niHHS 
renders  it  a  fit  and  steady  centre,  round  which  bJI  its  subsidiary 
mas^f^a  of  matter  of  all  dimenslouB  continue  to  circulate.  The 
eiirtb  is  atlccted  by  the  moou,  the  sun  and  the  other  bodies 
of  the  Bolar  Bystem,  being  attracted  by  them  and  attractuig 
tbem.  ThuB  is  produced  a  certain  amount  of  irregularity  iu 
its  rootiona  in  space,  but  m  these  are  periodical  and  do  not 
tend  to  increase  beyond  certain  limits,  there  is  no  element  of 
destruction.  The  eqmhbrium  of  the  solar  system,  so  far  as 
regards  these  causes  of  disturbance,  is  bf  lieved  to  be  complete, 
find  is  certttinly  complete  compared  with  any  period  of  time  V6 
caa  imagine. 

It  13  believed,  from  obsen-ations  made  on  the  stare,  that  the 
whole  of  our  solar  system  forms  one  group  of  matter,  having  ita 
own  proper  motion  in  space  and  moving  accordiug  to  aouje  ud- 
kiioHii  Ittw  in  some  one  definite  direotifn.  In  this  way  it  is 
thought  that  the  Bohr  system  is  connected  with  some  special 
group  or  groupg  of  stars,  and  forms,  perhaps,  itself  but  one  star 
in  the  mighty  host  of  heaven. 

As,  oil  the  one  baud,  physical  geography  requires  us  to  coti- 
nect  tlie  eai-tli  with  the  other  bodies  of  the  exiatiDg  universe, 
so,  on  the  other,  it  h  necessary  to  consider  it  in  its  past 
history,  For  the  former  purjwae  we  ai'e  bound  to  comnienM 
our  treatment  of  the  subject  with  astronomy,  and  for  the  latter 
wfii  muyt  now  allude  to  geology. 

Of  the  interior  of  the  earth,  at  great  distance  below  the  im- 
mediate Burfoce,  we  know  very  Ultlo,  and  that  little  partly  by 
inference  partly  by  sturijing  the  sections  of  the  surface  that 
are  accessible.  Mines  and  wells  reach  but  a  very  short  distance 
and  could  teach  ua  Httle  weve  it  not  for  the  mode  of  arrangement 
of  sti-ata.  The  study  of  the  rocks  and  of  their  stratiticatioa 
and  disturbances,  with  a  view  to  determine  tlie  earth's  histoiy, 
is  the  science  of  geology.  The  rocks  exhibit  successive  changea 
that  carry  us  back  through  a  very  Iodr  period  of  time,  but  they 
fail  to  eftbrd  any  satisfactory  evidences  of  the  state  of  things 
nt  the  beginniug.  AU  they  do  in  this  respect  is  to  show  that 
the  conditions  of  exiatence  have  cot  chauged  in  any  esaeutifll 
point- 

The  earth's  crust  is  made  up  of  a  long  succession  of  depcsita, 
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orliiinaJLy  of  mud  and  stone,  mxd  esch  ccnitaining  relics  oi  sn  ■ 
Ancient  world.  Most  of  iliese  are  greaily  i^bftiiged  from  tlie 
state  in  which  tlie^  were  accumulftted.  Tbrtpugbout  the  whole 
series  everylbing  seems  to  poiBt  to  an  excfwJingly  long  period 
occupied  in  the  formatioa  of  each  dt^po&U.  and  very  long  iiiter- 
Tftls  during  wlijch  deposits  have  heeu  withheld. 

But  besides  thcsG  accumulations  of  stmtitifd  and  luechflni-  , 
cally  formed  rocks  are  others,  such  as  grBnite,  which  were  once 
thought  to  represent  the  material  of  the  interior  of  the  eiirlh 
There  is  no  renscm  to  supfiose  that  enj  gp-jinite  with  which  we 
are  L-ogmsaiit  hss  been  formeti  even  at  so  great  a  d^pth  as 
twenty  miles,  b  distance  so  stnall  compared  with  the  earth's 
diameter  that  it  fails  to  have  any  value  in  guiding  us  to  a 
knowledge  of  the  more  distant  material  of  the  real  interior.  At 
that  greatest  depth  h  seems  clear  that  the  ordinary  surface 
conditions,  acting  upon  ordinary  sut-faco  materials,  might  and 
would  have  produced  the  rocks  we  find.  They  may.  therefore, 
be  nothing  more  tlian  altered  conditions  of  such  rocks  as  are 
rtill  formed  and  deposited  in  our  seas.  By  elow  degrees 
coTered  up.  and  aftenvards  depressed,  the  sand  and  mud  of  a 
ftea  bottom  are  soon  ii>rought  under  the  combined  inflnencea  of 
heat  flind  pressure,  and  tha  ciirrents  of  electricity  and  earth 
mfigDetism,  acting  through  the  agency  of  water,  have  efTecteil 
great  chemical  and  mechaniciil  chiuige.  Oncenltered  the  rocks 
have  been  again  elevated  and  espo&ed  to  mechanical  action  at 
the  surface. 

That  within  the  enrih  there  in  at  a  moderate  depth  on 
equable  temperature  throughout  the  year,  and,  as  we  descend, 
a  somewhat  irregularly  iiicreasttd  permanent  temperature,  ie  a 
feet  of  oltsurvation.  This  temperature,  il'  it  contiuuee  to  in- 
crease regularly  according  to  the  same  law  (I'*  F.  for  every  00 
feel),  would  at  very  moderate  depths  bo  sufficient  to  fuse  rocks 
of  any  kiud,  even  notwith standing  the  increased  pressure  of 
ibe  surface.  It  hat*  been  proved  by  experiment  that  water  uot 
only  penetrates  and  circulates  through  rocks  at  great  depths, 
but  that  under  the  extreme  pressure  at  tliose  depths  the  rock 
becomes  more  and  not  less  permeable  to  water,  and  is  likely 
to  be  more  easily  acted  on  by  chemical  Cftusea  of  change 

The  density  of  ordinary  rocks  at  the  surface  of  the  earth  is 
very  much  smaller  than  the  mean  density  of  the  whole  mass. 
The  latter  is  about  fivo  and  a  half  times  greater  tlinn  water, 
most  of  tbe  surface  rocks  being  only  about  two  and  a.\iB.\i  limfc^ 
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B&  heavj  as  water.  It  is  clear,  therefore,  tliiat  tbe  material  of 
the  interior  must  be  nniformly  more  dense,  or  eke  unlike  that 
irliich  we  are  in  the  habit  of  seeiug  at  the  surface.  unleBs,  in- 
deed, the  temperature  dimiuisbes  instead  of  iucreaainfj,  in 
spite  of  the  iacreased  pressure.  It  has  been  calculated  by 
Professor  W.  Thomson,  of  Glasgow^  and  Mr.  W,  Hopkins,  of 
Cambridge,  that  the  crust  of  the  earth,  must  eonaisi  on  the 
whole,  and  to  an  enormous  depth,  of  some  kind  or  condition  of 
solid  material  more  rigid  than  steel.  If  it  were  not  so,  the 
height  of  the  tides  and  the  amounts  of  precession  and  nutation 
would  be  emaJler  than  thej  are  fouud  expe  rim  entail  y  to  be. 
The  rigidity  of  the  uppermost  thrust  of  the  earth,  as  known  to 
us  by  observation,  is,  however,  less  than  that  of  glass,  bd  that 
to  produce  an  average  agreeing  with  calculatioDt  the  rigidity 
ujuBt  increase  toTS-aids  the  interior.  This  conclusion  is  alto- 
gether inoonBistent  with  the  hypothesis  that  the  earth  is  a 
mass  of  matter  still  in  a  state  of  fusion,  inclosed  within  a  hard 
shell,  whiich,  to  be  affected  by  earthquake  and  volcanic  action, 
must  be  less  than  IDQ  miles  tliick.  It  agrees,  however, 
with  other  calculations,  also  from  astronomical  data,  t&nding  to 
prove  that  the  cru&l  cannot  under  any  oircums tansies  be  less 
than  800  miles  thick.  It  seema  most  likely  that  at  least  half 
the  distance  from  the  suiface  to  the  centre  must  be  solid  and 
rigid,  to  enable  our  planet  to  preserve  its  figure,  and  allow  the 
tides  of  the  ocean  and  the  movemeuts  of  the  earth  to  remain 
as  they  are.* 

The  material  elements  of  the  earth  are  known  only  by  those 
presented  to  us  at  the  surface,  and  it  is  a  singular  example  of 
the  difficuliy  of  determining  these  completely  and  with  accuracy 
that  within  the  last  few  years  more  than  one  has  been  dis- 
oovered  during  the  progress  of  experiments  and  obsen'ations 
concerning  the  nature  of  light  and  the  probable  conjpositiou  of 
the  sun's  atmosphere.  The  real  proportions  of  the  various 
suppoaeJ  eltments  in  the  interior  and  the  relative  importance 
of  ciiiih  may  be  quite  different  from  anything  we  can  determine 
at  the  surface,  and  in  the  following  rematks  it  will  be  under- 
stood that  reference  is  only  made  to  positive  knowledge. 

•  A  notion  bas  hoen  put  forward  reoentl^  by  Mr.  Evans,  and  rather 
eitpported  by  Sir  H.  Jflmee,  to  thp  eSe(;t  that  the  usift  ot  the  earth  ia 
l::3bl0  to  be  Bhirtcd  b^v  llie  ehftupe  of  ])osition  of  inattor  on  ttie  &urta-?e. 
This  idea  has  hwa  suucfissfuUj combhiert  hy  tlie  Astronomer Kojul,  and 
Is  uot  Buppurted  by  geologiijalmTeBlisatioiiB, 
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In  a  technical  sense  elementa  are  materia]  substances  tliat 
have  not  hitherto  been  obtained  in  a  state  admitLiriR  of  decom- 
position into  two  or  mori^  other  stibstjinces.  Whether  they  ai'e 
really  simple  in  the  ordinary  seuse  of  the  word,  or  whether 
they  are  compounds  of  some  oiia  or  more  ultimate  forma  of 
Bsatter,  permanent  under  the  action  of  all  known  causes  of 
change,  need  not  here  be  discussed.  It  seems  certain  that  of 
the  supposed  elemenia  not  a  few  are  common  to  the  sun  and 
earth  in  the  state  in  ■wliich  we  know  th^m,  and  it  is  not  un- 
reasonable to  assume  that  the  other  planets  and  satellites  elts 
eimilarly  constituted-  The  results  of  recent  obgervataons 
•would  even  teod  to  show  that  the  fij;ed  stars,  vast  as  their  dis- 
tance is  atid  completelj  as  their  stellar  systems  seem  to  he 
separated  from  our  solar  system,  are  yet  possessed  of  material 
elements  such  as  those  that  exist  iu  the  earth.  This  conclu- 
sion has  been  drawn  from  experiments  recently  conducted  in 
reference  to  the  daik  lines  in  the  image  produced  on  separa- 
ting the  rayg  of  a  pencil  of  solar,  stellar  or  other  light.  It  is  a 
€OBeIusion  of  the  deepest  interest,  and  conducting  to  important 
results  in  the  pursuit  of  physical  geogi-aphy,  connecting  ils  it 
does  the  various  material  centres  of  the  universe,  and  suggest- 
ing their  common  origin. 

Matter  ta  presented  on  the  earth  in  three  formg, — aohd, 
Uquid  and  gaseous— due  to  the  presence  of  heat,  and  to  the 
(liferent  mode  in  which  different  combinations  of  material 
lUomii  are  affected  by  heat.  Some  of  the  elements,  and  some 
oombinations  of  certain  elementSj  are  capable  of  esiadiig  in 
either  form  at  ordinary  temperaturea.  Other  elements  and 
rther  combinations  exist  only  in  one  or  two  of  the  three  states,  - 
though  perhcps  capable  of  alteration  by  increments  or  decre- 
laents  of  heat  under  conditioijg  hitherto  undiscovered.  Thus 
Oiygeu.  bydrogec,  nitrogen,  chlorine  and  fluorine,  wben  pure, 
ate  gaseous,  and  have  never  been  condensed  into  tluids.  Bro- 
mine  and  mercury  are  fluid,  hut  easily  rendered  either  solid  or 
gaseoufi.  Tile  other  kno\sTi  elements  (betueeu  tifty  and  sixty 
in  number],  are  solid,  but  may  he  melted  and  vapourised  by  heat. 
Of  combinations  of  two  elements,  some  are  fiuid,  as  wutesr  (a 
combination  of  osygen  and  hydrogen),  others  gaseous,  as  am- 
tDoniu  (nitrogen  and  hydrogen)  or  carbonic  acid  (carbon  and 
oxygen),  others  solid,  as  iron  pyrites  (iron  and  sulphur).  It 
is  possible  that  sUl  the  elements  may  eiist  in  a  pure  state  Iti 
wremely  mioure  division,  and  in.  a  very  smal^  pi:o-paTVi"ivi, 
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1>otb  in  water  and  air.  If  this  be  the  case,  thev  must  assucae 
the  me^-lianical  condition  of  the  sabstacce  into  wliich  thej  itre 
absorbed  or  with  which  they  mii. 

Of  the  dements  exisiing  in  the  BoUd  form  at  the  earth'sl 
eurfiice   at    orilinary  teeiperatureSt   there    are    some  which 
liquefj  on  exposure  to  heat  before  becoming  gaseous,  and 
some  that  pass  into  the  state  of  Tapour  immei.Uately,  without 
first  liquefying,   when  the  temperature   is   increased-     The 
metals  we  eicamples  of  ihs  former,  carbon  of  the  latter  con- ' 
didon.     As  also  the  temperature  at  the  earth's  surface  Tariesi 
greatly  in  different  parts  and  at  different  seasons,  there  ia 
one  element  (mercury)  and  one  important  compound  (water)  | 
thai  are  soUd  or  fluid  in,  different  parts  of  the  earth  at  the) 
same  time.     Exposed  to  the  eitretue  eold  near  the   poles  1j 
mercury  13  solid,  and  may  be  hammered  like  lead.     Exposed  1 
to  the  ordinary  cold  of  winter  in  the  temperate  zones,  or  ac . 
high   elevations  even  in    the  tro[iic3,    water    becomes  ice.  * 
There  are  many  familiar  examples   of    natural  substances 
where  the  meclianlcal  state  cbinges  within  very  moderate 
limits  of  temperature. 

Of  the  elements,  as  determined  hj  the  chemist,  a  few  are  j 
sufficiently  abunilant  and  common  near  the  earth's  sm^'ace  to 
be  familiaily  known  in  their  simple  state.     Of  these  caebon,  j 
PHOSPHORUS  and  surjirun,  are  non-metallic.     Gold,  su-ver, 

COrPEH,  BISMITTH,    ARSENJC,    ANTIMOKT   aild    PlJtTIHUM,  Cxist  in  ' 

their  natural  state  as  metals,  and  are  gometimes  fio  obtained 
from  the  earth,  IboNj  tivAJJ,  2ikc,  t\ti  and  kicket.,  though 
used  abundantly  in  the  metallic  state,  and  Temaining  un- 
changed when  once  reduced,  are  very  rarely,  or  never  found 
in  a  native  state.  Makgakese,  ohbomidm,  cobalt,  aluhish^m, 
and  a  few  others  less  important  may  also  be  named  as  capable 
of  remaining  metalliii  without  change,  but  never  found  so, 
Calcium,  potassiitj:,  sodium^  and  some  others,  are  seldom 
seen,  and  their  influent'e  is  IrnrJly  recognised  as  metals,  but  in 
a  combined  state  as  earths  they  are  infinitely  nbuudant,  and 
of  t^e  greatest  importance  in  the  construction  of  rocks.  With 
regard  to  aome  few  recently  discovered  by  raeaii3  of  fipectmm 
obaen'ations,  they  may  be  present  in  the  interior  of  tlie  earth 
and  tbey  seem  to  be  common  to  the  earth  aud  the  solar 
atmosphere ;  hut  we  know  of  no  use  to  which  tbey  have  been 
put  by  nature,  and  they  have  not  yet  been  appUed  to  any 
practical  purpose  by  human  ingenuity. 


Let  ns  return  for  a  moment  to  tlie  consideration  of  metals 
whose  cpmbinatiniig,  on  account  of  theh"  extrerne  aluuiliawce 
near  the  earth's  surface,  and  tlje  part  ihfj  play  in  tho  forma- 
tion of  common  rocks,  must  lo  regiirded  as  more  influential: 
than  most  of  the  eleraents.  Putasbii'M  and  slidium  are 
obtained  as  metals  bj  difficult  chemical  pror.'esaes,  bat  in 
OtbeP  forms  they  are  almost  univei'sal-  Cotnhiued  with 
chlorine,  imder  the  form  of  ciimmnn  salt,  sodium  is  an  im- 

Eortaut  ingreilient  in  the  waters  of  tho  Mean.  Magkeseitji, 
ardly  known  aa  a  metal,  is  also  present  in  the  ae&.^  It  is  of 
the  greatest  imponaace  in  certain  rocks,  though  thiB  mode  in 
which  it  obtained  access  to  them  is  quite  untnowu.  Calcium 
and  AiujiraitiM,  the  metailic  bases  of  limestone  and  clay,  afid 
BiUCDN  or  alLtciCir,  the  element  which  yields  sand,  and  all 
Taiieties  of  silica  and  Biliceoua  rock,  must  be  regarded  aa 
moro  important  and  influential  on  the  earth  than  any  other 
i'  elements.  Except  AtUMiKitiM,  which  has  lately  been  pro- 
I  dueed  in  large  quantities  at  a  moderate  expense,  and  tJODiri!, 
I  manufactured  for  certain  epecial  purpoi^es  on  a  large  scale, 
none  of  tbem  are  brought  into  the  metalhc  statet  except 
v&  chemical  curioaities.  nor  have  they  any  known  uses  as 
metals.  It  ia  not  till  combined  with  oxygen  that  sihcon 
becomes  flint,  or  aluminium  the  basis  of  clavi  and  both  osygen 
^  and  carbon  mast  mix  with  calcium  before  it  becomes  lime- 
p  Btone  (c-arbonale  of  lime),  and  oxygen  and  silica  with  alumina 
before  clay  (silicate  of  alumina)  ia  obtained. 

The  natural  eomhinaltons  of  elements  are  few,  compared 
with  the  number  there  must  have  been,  if  all  the  elementa 
entered  into  mutual  coml^tuatious  with  equal  facility.  There 
is  an  important  limitation  in  this  respect.  In  nature  iho 
total  numberof  elements  amd  substances  that  may  conveniontlj' 
be  called  proximate  elements,  and  that  enter  largely  hito  the 
composition  of  the  earth'g  aurfnce,  is  extremely  small,,  and 
Mailj  learnt.  It  may  be  uaefvil  to  name  and  describe  briefly 
the  materials  we  are  most  likely  to  meet  with,  and  that 
appear  to  have  had  moat  influence  in  the  formutiou  of  the 
earth. 

Beyoud  all  doubt  the  substance  that  is  most  important  and 
moat  essential  on  the  enrthe  surface  is  oxygen  gas.  TMa 
Bubstaoce  forms  one-fourtli  part  by  weipht  of  the  whole  atmoa- 
phere,  and  nearly  nine-tenths  by  vreight  of  the  vrhole  of  the 
Rater  on  the  earth.     It  ccfurs  in  about  a  hundred  dcd  lotl^ 
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combtnations,  independent  of  life  or  oFganisation,  and  in  a 
large  oiiinber  of  organic  compounds.  It  may  be  estimated  to 
constitute  at  least  one-third  part  hy  weight  of  the  solid  mass 
of  the  earth  which,  fio  far  as  we  know  it,  is  eomposed  chieflj 
of  toetallic  oxides  and  oxj-geu  gaits.  It  is  obtained  without 
diffiiiulty  in  a  jiure  form,  although  it  can  featdlj  be  said  tc 
exist  !□  nature  in  a  simple  state,  its  mixture  with  nitrogen 
iu  the  atmosphere  masking  many  of  its  properties.  Oxygen, 
though  so  readily  forming  solid  compounds,  has  neyer  been 
hquefiiid,  much  less  Bolidified.  It  comhines  iii  varions  pro- 
portions, its  simplest  combinations  generally  assoming  the 
form  of  acids.  These,  again,  combine  sepanitelyn  with  Tartous 
ekiueiitg  ftnd  compounds,  producing  the  group  of  mlts^.  The 
earths,  for  the  most  part,  are  double  compounds,  osygen 
behig  present  :n  both.  Thus  carbon  combines  with  oxygen  to 
produce  carbonic  acid,  and  calcium  with  oiygen  to  produce 
quick-lime.  Carbonate  of  lime,  or  limestone,  is  a  compound 
of  tarbouic  acid  and  lira«.  So  aluminium  and  oxygen  form 
ttlutninu.  silicon  with  oxygen  silica,  and  silica  with  alumina 
torui  silicate  of  alumina,  the  basis  of  clay.  Oxygen  {jombinea* 
with  moat  of  the  metals  very  readily,  and  foniia  important 
compounds.  Thus  oxide  of  iron  is  everywhere  present,  both 
iu  orgaiiit;  and  inorgiiiiic  nature,  while  for  metallic  iron  man 
is  indebted  ty  hia  own  exertions  and  ing^fnuity.  Mangauesa 
is  almoHt  as  common  in  the  siate  of  oxiiJe  aa  iron,  hut  this 
metal  is  not  usfid  in  the  arts,  and  can  hardly  exist  on  the  earth 
owing  to  the  tixlrfime  readiness  with  which  it  dccompoHes  moist 
air  and  is  converted  into  an  oxide. 

Tha  relative  abundance  of  hydrogen  in  the  earth  ia  not  bo 
great  as  that  of  oxygen,  but  the  supply  is  certainly  very  con- 
siderable. Not  only  does  it  enter  iuto  the  composition  of  all 
wfltsrs,  but  it  is  evolve^i  from  the  earth  in  volcanic  diatricta,  and 
is  present  in  coal.  And  it  must  he  remembered  that  water 
is  not  confined  to  the  rivers,  lakes  and  oceanx  It  eirists  in 
great  abundance  iu  every  part  of  the  earth  and  air.  All 
rocks  contain  it,  and  it  courses  through  all  crevices  and  Teioa, 
Ovring  to  the  circulation  of  water  by  rain  there  ia  a  constant 
accumulation  on  the  surface,  and  rocks  are  kept  permanently 
wet  by  the  water  that  enters  into  and  passes  through  them.  A 
very  appreciable  percentage  of  the  weight  of  every  rock  in  its 
natural  state  consists  of  water, 

KiinoGts  constitutes  three  fourths  of  the  atmosphere,  and 
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ie  pTesent  in  many  rocks,  of  whii^h  it  may  be  said  to  form  an 
essentia!  part.     It  exists  in  coal,  as  is  exhibited  by  the  fniimo-  "^ 
oiacal  products  obtained  from  tbe  distilktion  of  that  mineruL 

Chiohxnb  id  widely  digeemiDateil,  being  an  iugredieiit  of 
comnaan  ealti  wbich  is,  in  cheraieal  language,  chfortdit  of  sodium. 
It  ia.  therefore,  present  in  salt  Tvater,  and  in  the  great,  masses 
of  rock  salt  so  abundant  in  some  countriee.  Phohphuru*  is 
important  as  entering  into  the  atructure  of  bone.  It  is  much 
more  widely  dissetobiated  than  is  generally  Bupposed,  And 
fhenphate  of  lime  is  a  fifequent  mineral.  Fluorine  ia  an  in-  " 
gredtent  iu  a  lat^e  class  of  minerals.  It  enters  into  the  com- 
jMsition.  of  granile,  gneiss,  greenstone,  and  other  metamorphic  •' 
rocks.     Lithium  occasionally  replaces  it. 

Of  tho  solid  baseSj  sirjcimii  ia,  that  which  is  most  mdely 
distributed.  In  all  the  old  rocUs,  and  in  all  mctamorphic  and 
igneoas  roclta  it  is  present,  almost  always  to  the  extent  of 
45  per  cent.,  and  nBnally  to  between  50  and  7C1  per  cent.  In 
eoroe  it  conyiats  of  fcom  70  to  U5  per  cent,  of  the  whole,  and 
the  greater  pavt  tif  whole  series  of  rocks  19  composed  of  siJica. 
It  ia  prec^ut  in  most  limestones,  and  even  in  cbstlk  silica 
BomotimeB  forms  from  one-fourth  to  oue-third  of  the  mass. 

Alominium  comes  next  to  eilica  in  order  of  importance,  It 
j8  an  essential  ingredient  (with  silica)  in  all  clays.  Lime- 
stones, also,  are  mrely  without  it.  It  forms  the  essential 
mineral  baso  of  felspar,  and  of  all  those  nuroeroiia  Tolcaiiie 
rockfi  of  which  lava  and  basalt  or  greenstone  (the  lavas  of 
aacient  times)  are  the  rcprest;ntatives,  Potassium  and  sodiuji 
follow  next  in  order,  if  we  regard  universality  of  distribution, 
ajid  CALCIUM,  if  quantity  regulates  the  order,  MAesE3iusi, 
also,  is  very  widely  clitiitributed.  being  present  in  large  claasets 
of  rocks,  and  sometimes  very  abuudaaitly.  It  is  eminently 
charactenstic  of  whole  ela-ssos  of  roclts. 

Of  the  metals  which  form  an  essential  part  of  rocks,  irou 
and  coatiganeae  are  the  most  important.  It  has  been  calcu- 
lated that  iu  addition  to  those  adonistuxes  of  iron  and  oxygen 
to  which  the  name  of  'iron  ores'  properly  beloags,  more  thai] 
5  per  cent,  of  the  lower  stratitied  rocks  consists  of  iron,  and 
it  is  probable  that  tbe  per-centage  is  still  larger  in  the  upper 
and  newer  rocks.  Maup;anesB  ie  almost  as  widely  distributed, 
but  ia  much  less  in  quantity.  The  other  metals  are  chiefly 
loet  vith  iu  reins  or  crevices  ia   rocks.     Borne  are  widely 
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spK&d,  but  in   nnall  qimnlitT :  others  are  oulj  preset 
ceruuo  locdities,  and  are  there  toler&blj  abondui't 

The  following  are  the  elements  and  combinations  which 
cbie6j  eater  into  the  com^io^kion  of  rocks,  or  which  are 
cbiedj  important  to  man.  They  are  grouped,  for  the  most 
part,  la  the  order  in  wkucb  thej  &re  desoibed  in  chemii»l 
works,  ^ 

I. — Kr-BXruvTH^ 

1. — Gases.     Oxygen,  hydrogen,  nitrogea,  chlorine*      

3- — Non-metallic  solids.  Silicon,  carboD^  siJphar,  phffi- 
phorus,  iodine. 

^.—Metallic  hoses  of  earths  find  alkalies.  Alumimnni, 
potassium,  sodium,  mo^e^ium,  calciam. 

4  — Metals.  Iron,  manganese,  gold,  titanium,  atsenic, 
eopper,  silvei,  lead,  zldc,  iron,  cobalt,  nickel,  chromium.       ^ 

ir, BlHAST    CosmiSATlONS. 

Oxygen  and  hydrogen  {«ater).  Hydrogen  and  nitrogen 
{ammonia}.  Nitrogen  and  oxygign.  (iiitrous  acid).  Carbon 
and  oxygen  (carbonie  add).  Silicon  and  oxygen  {silica). 
Sulphur  and  oxygen  {siilphurottA  afid).  Potassium  and 
oxygen  {potash).  Sodium  aiid  oxygen  (soda).  Chlorine  anii 
flodium  tcnmr/ion  snlt}.  Calcium  aud  osjgen  {time).  Mag- 
nesium and  oxygen  {magnesifi).  Aluminium  and  oxygen 
lalumina)  Antimony  and  sulphur  (grey  aniimony).  Arsenic 
and  sy.Iphur  [reaigar  nod  orpiment).  Copper  and  oxygen 
\hlach  and  red  copper  ores).  Copper  and  sulphur  {supper 
pyrites}.  Iron  and  oxygen  {ma^n-etic  iron  ore,  specular  iron 
ore,  hdtanlite,  tic.).  Iron  and  aulpbur  {iron  pijrites)^  Lead 
and  sulphur  (galetm).  Manganese  and  oxygen  (wffd)-  Mercury 
and  sulphur  [cinnalKir],  Silver  and  sulphur  {Eitr^oits  siher  or 
RUvtr-fjhmce).  Tin  atid  oxygen  (tire  atone).  Zinc  and  sulphur 
{blende}. 

The  compounds  of  three  elements  are  more  numerous, 
and  it  would  swell  the  list  too  much  merely  to  name  them. 
Wottir  iforma  part  of  most  substances  \nthout  changiQg  them. 
CarlxHiic  acid,  sulpliuric  and  nitric  aeids,  (the  two  latter  being 
sulphurous  and  nitrous  acids  combined  with  water)  combine 
i'urther  with  lime,  soda,  potash,  magnesia,  alumina,  and  many 
of  the  metiilij,  producing  limestone  of  all  kiud;^,  salts  of  various   [ 
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kinda,  and  caany  well-kT)0\vTj  earthe,  ininerols  and  raetalliferoas 
ores.  Silica,  (or  oitde  of  pilicoa)  behaying  as  an  acii  combines 
wth  many  compound  substances  as  bases.  The  moBt  im- 
portant, because  the  best  kno^'Ti,  and  the  moGt  widely  spread, 
is  silicate  of  alumina  or  clay,  alreaity  altuiled  to.  More  com- 
pUcitted  combiuatioiis  arm  exgraplifiBd  in  aluin  {a  double^ 
silicate  of  aliimma  anil  poWwli),  many  Tarietiea  of  felspar  and 
mica  tljat  belp  to  form  granite,  and  many  minerals  of  various 
kinds  contiiinn^d  in  rocks. 

The  combination 3  of  dements  take  place  in  nature 
in,  certain  definite  propoitimia ;  and  it  has  been  found  that 
these  ore  more  distinct  as  the  affinity  between  the  combining 
Bulstances  is  stronger.  Mixture  is  very  different  from  com- 
biDttlion,  and  involves  no  change  in  the  condition  of  the 
elements.  ComlnnatioQ  is  a  permaoent  condition,  eicept 
with  a  stron{;er  affinity.  Mixtures  are  generally  loose  and 
accideDtal.  J3tit  some  mixtures^  as  that  of  oxygen  and 
nitrogen,  forming  atmospheric  air,  are  of  the  greatest  im- 
portance iu  nature.  So,  alao,  are  some  of  the  mi'^tures  of 
metals  or  alloys.  So,  again,  the  mixture  of  a  oertain  definite 
quantity  of  water  with  vftrioua  eompounda  eeems  absolutely  ' 
essential  to  their  existence  in  tJhe  solid  state.  It  is  called 
their  water  of  Boliditication. 

It  i»  not  pos^iblOi  indeed,  to  exaggerate  the  importance  of 
water  in  carjying  on  the  great  operations  of  natore.  And  this 
is  the  case,  although  there  is  no  reason  to  supptige  that  it  acts 
eheinically,  or  coiubinea  with  them  in  the  strict  and  technical 
sense  of  the  expreusion.  The  mere  admixture  with  water 
is  sometimes  limited  to  certein  proportions,  dependent  on 
temperature.  Combinations,  also,  take  place  most  lavonrahly 
under  certain  conditions  of  temperature  and  pre8=iure,  atid 
thus  these  two  modes  of  association  of  elements,  apparently 
very  distmct,  have  certain  relations  with  each  other.  There 
is  also  a  kind  of  selection,  or  eUcih-e  ajfimtjft  according  to 
wliioh  the  phenomena  of  decompoaiiion  of  existing  tbiogs,  and 
reoomposition  of  their  ekmenta  into  different  minerals,  are 
coDstautlj  taking  place  in  nature.  In  this  woy  are  produced 
those  changes  of  rocks  in  which  a  number  of  elements  and 
combinations  of  various  kinds  are  brought  into  contact.  This 
13  often  done  in  the  presence,  and  by  the  aid  of  water,  without 
which  the  conditions  would  be  unfavourable  for  the  exercise  of 
ibe  B^nitieu.    A  diie  notice  of  tJiese  relations  ol  l\ie  ^b^avaiA 
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forces,  however^  is  too  large  and  important  ft  suliject.  and  its 
bearing  od  physical  geography  too  intimate  to  be  fitly  diacusaed 
m  a  few  paragraplis  at  the  end  of  a  chapter. 

With  the  earth  as  a  plaaet  physical  geop;rapbj  has  not 
much  to  do,  and  as  we  can  never  know  KiLh  precision  tie 
condition  of  the  interior,  we  must  be  content  to  learn  all  we 
may  of  the  surface.  When  we  speak  of  the  surface  of  the 
earth,  however,  we  necessarily  inclutJe  not  only  the  lattd, 
with  all  its  inequflliuea  of  level,  of  material,  and  of  covering, 
whether  auimal,  vegetable,  or  mineml,  but  also  the  water  and 
air  that  rest  upon  it,  and  the  rocks  beneath  the  surface-  If 
we  were  to  regard  as  the  smface  the  outer  limits  of  our  planet, 
using  the  espreasion  in  an  astronomical  and  strict  sense,  we 
must  not  stop  here^  We  should,  indeed,  be  obliged  to  wander 
away  to  tha  extreme  boundfiry  of  the  atmosphere  of  mixed 
gases.  BuE  this  would  be  a.  limit  utterly  uselesa  to  the 
geographer,  even  if  it  were  possible  to  attain.  The  humau 
interest  of  the  earth,  if  not  confined  to  the  diatficts  easily 
accessible  to  man,  is  necessarily  most  direct  and  strongest  in 
reference  to  the  part  inhabited  by  sentient  and  intelligent 
beings.  So,  again,  we  must  not  confine  ourselves  to  the  limit 
of  the  solid  BUi'face,  for  we  know  nothing,  or  at  least  very 
little,  of  the  ocean  floor.  We  are  reduced  to  the  limit  bo 
familiar  to  all,  namely,  the  general  surfai^e  of  contact  betTV«en 
the  atmosphere  and  the  laud  or  water,  this  surface  having  a 
vieibld  and  tangible  limit,  and  including  on]y  so  much  of 
tlie  rocks  beneath,  and  the  air  above,  as  comes  within  ob- 
servation. We  may  regard  the  earth  as  a  solid  globe,  there- 
fore^  for  the  purposes  of  this  investigation.  Of  this  globe  the 
inequalities  are  partly  concealed  by  water,  and  the  whole  is 
covered  by  a  tlun  tranaparent  gaseous  veil,  definite  in  its 
composuion,  and  easily  examined  and  understood,  being  in 
close  contact  with  earth  and  sea.  Each  of  the  Ihree  divisions 
of  land,  water  and  air,  will  demand  separate  and  careful  con- 
sideration, and  in  fact  the  study  of  the  phenomena  of  each  is 
a  distinct  department  of  science.  Tully  to  comprehend  the 
solid  crusts  the  water,  and  the  air,  which  are  all  we  have  to 
deal  with  in  physical  geography,  we  must*  however,  know 
something  of  the  eanh'a  interior,  and  of  the  history  of  itfi 
couKtruction,  as  taught  by  its  structure.  A  description  of 
the  earth's  surface  must  thus  commence  with  some  brief 
account  of  its  history.     Geology,  so  far  as  this,  is  a  . 


.  part  of  j 

2 


THE  SABXH  AS  A  PLANET.  17 

physical  geography ;  and  it  is  also,  to  this  extent,  though  not 
oth^nrise,  an  elementary  and  introductory  part.  We  cannot 
recognise  and  understand  the  facts  that  are  observed  at  the 
earth's  surface  without  knowing  something  of  the  history  of 
the  surface  and  the  rocks  of  which  it  is  made  up. 

But  if  it  is  necessary  to  know  something  of  the  matter  of 
which  the  earth's  surface  is  composed,  it  is  certainly  not  less 
so  that  we  should  be  acquainted  with  what  is  known  concern- 
ing the  physical  forces  and  their  mode  of  action.  Much  has 
lately  been  added  to  the  sum  of  human  knowledge  by  investi- 
gations carried  on  in  reference  to  these  forces.  It  is  not 
needful  to  enter  into  detail  on  the  subject,  but  the  mode  in 
which  forces  axe  represented  by  motion,  each  being  resolvable 
into  the  other,  is  too  important  to  be  passed  by  without  special 
reference.  We  must  thus  postpone  our  account  of  those  details 
.that  belong  to  physical  geography  till  the  reader  has  become 
prepared  to  understand  them  in  their  bearing  on  each  other, 
and  on  the  earth's  histoiy. 


CHAPTER  IT. 


PHYSICAL  FOECES. 

We  have  seen  in  the  last  cLapter  that  the  whole  planetary 
system  to  which  our  earth  belongs  is  acted  on  by  certaiu  forces, 
lending  to  produce  laotiun,  and  it  has  been  stated  that  these 
forces  bew  varioiis  names.  All  masses  of  matter  orcollectiona 
of  materifil  pHTticIes  are  subject  to  mutual  attraction,  in  pro* 
portion  to  their  quantity  of  matter ;  and  two  bodies,  each  tMntsda- 
ing  a  definite  quaotitj  of  matter  and  placed  &t  a.  distance, 
attract  each  other,  or  tend  to  cume  iu  contact,  with  a  force  ihat 
varies  in  proportion  to  their  mass,  and  inversely  as  the  square 
of  the  distance  between  them.  Tlii&  is  the  force  of  ipavitatioji. 
By  it  liie  planets,  their  satellites,  and  the  sun  are  mutually  at- 
tracted. When,  however,  under  certain  cirrumstances,  the 
particles  of  matter  are  near  together,  they  sometimes  (not 
alsmys)  tend  to  combine  into  one  solid  or  fluid  mass.  The 
force  thus  acting  is  recognised  as  the  force  oS  cohesion.  It  ia 
exhibited  in  llie  lai^est  degree  in  compact  hard  solids,  and  in 
the  smallest  dej^ree  in  fluids.  Slere  contact,  under  ordinary 
circumstancea  of  temperature,  ia  cot  enough  to  bring  this  force 
into  play,  but  the  result  when  two  flat  surfaces  of  |jo]iahed 
gla.^s  are  pressed  together  mtb  force,  or  when  tvro  pieces  of 
mebiil  are  melted  together,  will  illualrate  its  nature. 

The  particles  of  matter,  however,  are  never  really  in  contact* 
for  they  are  always  capable  of  motion  among  themselves,  and 
there  are  always  interrals  between  them,  admitting  free  motiofl 
of  the  particles  among  each  other,  and  even  of  the  passage 
of  particles  of  otlier  matter  between  the  atoms  or  molecules  of 
the  most  solid.  It  is  n  fact  too  famfliar  to  need  more  than  & 
bare  mention  that  electrical,  magnetic  and  galvanic  currents^ 
whatever  these  raay  be,  pas3  freely  through  and  among  the 
particles  of  solids,  Suids,  and  gases,  in  some  caaes  modifying 


m  others  not  seeininfj  to  produce  any  change.  The 
various  forces  Umt  may  be  uoderslood  ag  combined  under  the 
iiflDte  eleclricii//  are  knowu  to  be  incessantly  at  work,  producing 
iind  teudiiig  to  produce  change ;  aud  whether  they  act  as  inde- 
pendeiit  malerial  substances,  or  bj  setting  in  motion  au  ether 
beLweeu  the  particles  of  the  solid,  or  by  moving  the  particles 
of  the  sulid  anion^  theisiselves,  the  &am.e  genertd  conclusion 
must  bo  admitLed. 

Besides  the  forces  already  referred  to,  clian^es  arc  excited 
in  the  internal  composition  of  many  substances,  and  modifica- 
tion of  ?truRture  is  effecbed  by  what  ia  caUed  chemcsil  actioa. 
The  decomposition  that  takes  place  when  certain  substances 
are  brought  into  contact  at  certain  temperatures,  and  the  re- 
combinatiou  of  elements,  which  is  conmion  and  farniiiar  in  the 
most  ordinary  operations  of  nature  and  aru  are  examples  of 
the  existence  of,  anil  power  exerted  by,  this  force. 

Vitftl  enerinj  ia  another  of  the  great  forues  of  nature.  Not 
1638  distinct  from  the  forces  enumerated  above  than  they  are 
from  each  other,  but  hardly  more  90i  we  cannotj  in  the  present 
state  of  science,  regard  life  as  other  thnn  a  mechanical  result 
of  the  continued  action  of  theae  forces.  The  exact  mode  ia 
wliich  it  agrees  witli,  and  differs  from,  other  forces  is  not  yet 
dear,  but  ueither  are  llie  precise  relations  of  these  to  each 
other.  That  life,  hoivever,  is  a  r&sult  of  ths  action  of  chemi- 
ftil,  electrical,  and  met'h.i.nical  forms  of  forc-e,  all  modem  dis- 
coveries  iq  physical  science  reader  almost  certain.  Tiie  mode 
in  which  the  forces  act,  and  their  mutual  relations,  have  not 

it  beeu  exempUfied,  either  by  esperirneat  or  by  the  study  of 
BBture. 

To  understand  the  mode  of  action  of  somo  one  of  the  various 
forces  and  kinds  of  force  that  aifect  matter.  13  a  great  step 
towards  ft  knowledge  of  (reneral  physics,  aud  it  ia  a  step 
©peeially  useful  in  tho  study  of  physical  geography,  Hent  ia 
iJiflt  one  \vit.h  which  all  persons  are  most,  familiar,  and  a  itvt 
illostratious  of  the  way  in  whicli  heat  is  convertible  into  ochei' 
furces,  replaces  tlieifl,  and  produces  identical  results  on  matter, 

iQot  fail  to  be  ui^eful  and  interesting,  and  will  form  a  dt 
itroduction  to  the  present  stale  of  physical  science. 

Every  kind  and  variety  of  motion  produces  heat,  and  every 
Tdriety  of  miction  prodaced  by  heat  may  be  rcsol\-ed  into  expan- 
sion and  contraction,  or  tho  production  of  a  greater  or  Bmnllt'r 
.tenul  between  the  pompouewt  particles  of  the  aubatiuite 
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fected.  3o,  also,  every  motion  produces  beat.  Mercuiy 
ptiured  frotn  od$  bfisiti  into  anuther,  watei*  falling  in  a  catartitt, 
the  grindiag  of  a  glacier  as  it  creeps  down  a  valley  in  the  AJpa, 
the  (iashiug  of  tht:  waves  of  the  sea  during  a  storm,  are  ell 
sources  of  heat.  Friction,  or  rather  the  overcoming  of  frictioD, 
produces  heat.  The  heatiog  of  the  ailes  of  a  railway  carriage 
is  the  result  of  friction  and  the  interruption  of  smooth  motion, 
end  in  bo  far  it  is  a  waste  of  power  or  force-  A  train  ia 
►stopped  bj  tlie  conversion  of  motian  into  heat.  Force  is  never 
lost,  eitlier  \yy  hdj  chaiige  of  direclioQ  or  any  alteratiou  of  in- 
tensity of  action,  it  is  merely  converted,  and  the  ordinary  con- 
version is  oilierwise  expressed  when  we  say  tliat  interrupted 
motion  produces  heat,  and  that  heat  produces  motion.  Aero- 
lites passing  through  the  air  are  not  outly  bo  iutcnselv  heated 
by  friction  that  their  advancing  surface  ia  melted,  but  in  many 
cases  the  materials  are  probably  dissipated.  In  this  way  the 
earth  is  generally  spared  the  result  of  meeting  foreign  hodies 
moving  luili  the  velocity  of  planets,  because  these  bodies  are 
checked  by  friction  with  our  attnospliere.  If,  however,  an 
aerolite  reaches  -the  earth  it  in  af  once  bnried  to  considerable 
depth  in  the  soil  and  lust  sight  of,  always  with  the  same  reault 
and  following  the  same  law  that  xaotion  and  heat  axe  con- 
vertible. 

It  may  be  regarded  as  certaiti  that,  under  all  circumstances, 
the  quantity  of  beat  generated  by  the  same  amount  of  force  ia 
fixed  and  invariable.  Thus,  the  quantity  of  heat  that  would 
raise  one  pound  of  water  1"  F.  in  temperature,  is  exactly 
equal  to  what  would  be  Reneraled  if  a  pound  weiglit.  after 
having  fallen  through  u  height  of  772  feet,  had  ita  moving 
force  destroyed  by  collision  with  the  earth.  The  result  of  im- 
pact, ubcn  a  body  iti  rapid  motion  is  suddenly  stopped,  is  the 
development  of  a  quantity  of  heat,  distributed  between  the 
striking  end  the  stricken  body.  Thus,  the  impact  of  a  rifle 
ball  against  an  iron  target  produces  more  than  enough  beat  ta 
melt  the  lead^  but  the  capacity  gf  iron  for  bent  being  greater 
than  that  of  lead,  the  tempemtnte  of  the  latter  is  luised  only 
about  by  one-third  of  the  augmentation  of  heat.  It  has  been 
calculated,  from  the  linown  weight  and  rate  of  motion  of  the  earth, 
that  if  our  planet  were  Ruddeuly  met  in  space  by  another  globo 
of  equal  size,  capable  of  stopping  it,  the  quantity  of  heat  gene- 
rated by  t  impact  would  be  equal  to  that  derived  from,  the 
combuatiou  of  fourttien  globes  of  coaJ  equal  to  the  earth  in  size* 
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would  be  auCfioieiit,  not  only  to  fuse  the  earth,  bat  reduce 
it  in  great  purt  lo  vapour,  auii  if,  after  the  stj^ppage,  both 
globes  should  fall  to  the  sun,  the  amount  of  heat  generated  by 
the  twa  would  etjoal  that  developed  by  the  combustion  of  6vq 
thousand  six  hundred  worlds  of  aohd  cailron.*  lu  some  such 
\TAj,  perhap^i,  the  Bun  is  f&d,  and  that  constant  &upp]y  of  heat 
produced,  which  afterwarda  passing  out  again  into  apace  com' 
municiates  life  in  distant  spheres. 

Heat,  then,  U  auother  form  of  motion.  It  is  the  motion 
of  a  mass  reduced  to  the  motion  of  ihe  atoms  of  which  ths 
mass  is  built  up.  Wa  cauuot  see  this  kind  t>f  motion,  anl  ia 
solid  bodies,  Seated,  but  still  solid,  the  particles  must  I>e 
regarded  as  in  a  state  of  peculiar  vibration.  As  we  increase 
the  heat*  we  iucrense  these  vibrations,  and  at  length  tho  par- 
ticles become  separated  from  one  ancfther  by  a  dethiite  interval. 
Thus,  in  ordinary  cases,  heat  first  producer  expansion  or 
enlargement  of  the  heated  hody,  aud  if  coutiuued,  the  par- 
ticles become,  by  degrees,  so  far  loosened  from  the  attraction 
of  cohesion,  that  they  roll  and  glide  round  and  amongiSt  each 
other.  This  state  we  call  flqidity.  While  still  held  together 
they  move  Intprally  with  freedom,  and  so  lonf;  as.  this  ia  the 
case  ttey  retain  the  fluid  conditiou ;  but.  if  the  heat  be  cou- 
liouedj,  the  particles  become  at  last  absolutely  unco  lit  rolled, 
by  the  force  of  cohesion,  and  pass  into  vapour.  According  to 
this  view  vapour,  and  the  gaseous  condition  of  nuatter,  simply 
mean  that  state  of  matter  in  which,  the  particles  are  thrown. 
off  into  space  with  great  and  rapid  motion.  On  the  other 
hmad,  when  a  body  is  in  this  stiite,  and  meets  with  porticlea 
of  other  matter,  whether  of  the  atmasphtre  itself,  or  sub- 
stances coutaitifid  in  it,  the  motion  bect>mes  gradually  com- 
municated, and  apparently  dissipated.  Tho  Huid  and  solid 
forma  ai'e  re-asdumed,  and.  unless  new  corabiiiations  have 
beeti  fot'EoenJ,  the  matter  re-assumes  its  fornier  Ktate. 

All  substances  do  not  expand  regularly  by  heat,  and  water 
is  one  of  those  in  which  tbis  exception  is  very  remarkable, 
and  admirably  adapted  to  the  conditiona  of  life  oa  the  globs. 
BisTOUth,  in,  like  manner,  expands  when  cooling  to  the  state 
of  solidity  from  a  moltiuf^  slate.  Just  as,  during  frost,  jugs 
mth  small  necks,  and  leiidea  pipes  full  of  water,  are  bun^it,  &o 
if  melted  bismuth  he  put  in  an  iron  bottle,  and  clo.5ed  by  a 

T/DcTaWV  "JTest  ae  a  Mode  of  Motion,"  p.  43. 
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Stopper,  finn]y  screwed,  the  iron  botlle  will  be  rent  asutideF 
(IS  tbe  metal  solidifies.  India  rubber,  also,  sborlens  on  being 
heated.  It  is  an  impoitant  result,  proved  by  experiment, 
that  those  substances  which  contract  on  solidifying,  and 
expHTid  on  liquetyiiig,  require  more  bent  to  fuse  them,  ac- 
cording as  tbe  pressure  to  which  thej  are  esfiosed  is  greater. 
Ou  tbe  other  baud,  those  Trhich,  lib^  water,  expand  on  solidi- 
fying, melt  at  &  lower  temperature  when  pressure  is  increased. 
Tlieae  exceptional  conditions  are  not  without  explanation,  but 
it  is  not  necessarv  here  to  do  more  than  allude  to  the  facta. 

The  motion  of  atoma,  aa  induced  by  heat,  is  extremely^ 
different  under  different  circumstances,  and  is  not  the  same 
in  the  varioiia  simple  and  compound  mineralR  and  rocks 
oomoion  On  the  earth,  Snme  are  $aid  to  conduct  he&t  (or 
allow  of  its  tranfiinisHioD  through  them)  Tcrv  i-eadilj,  sotne 
Hi'B  very  bad  conductors.  In  other  words,  the  motion  of  the 
atoms  (or  tbe  molecular  transfer),  which  consists  in  each 
atom  taking  up  the  motion  from  its  neighbour  and  sendiag 
it  on  to  that  next  berond  it,  is  in  some  bodies  rapid,  while 
in  othere  it  is  alow.  Metids  generollv  Are  much  better  con- 
ductors than  other  substances.  At  the  head  of  the  metals 
is  silver,  and  at  the  other  estremily  is  bismuth.  If  tbe  con- 
ducting power  of  silver  ia  J  00  that  of  bismuth  is  oniy  ii. 
Afler  silver  are  copper  (74),  gold  (oS),  brass  (M-l),  tin  (15), 
iron  (t'^),  lead  (0),  and  so  on.  Wood,  Btoue.  glass,  clay,  &c., 
are  Tcry  mucli  worse  conductors  even  than  biamutii.  In  all 
cases  the  rate  at  which  the  oscillatory  motion  of  the  atoraa 
which  represents  heat  13  transmitted  through  substunces  de- 
pends on  ihe  mode  in  which  tbo  atoms  are  arranged. 

It  is  important  to  notice  that,  in  the  case  of  many  iraus- 
parent  f  ryatala,  heat  travels  more  rapidly  and  readili-  along  the 
axis  of  the  crystal  than  in  any  other  direction.  There  are, 
however^  exceptions  to  this,  for  tourmaline  conducts  best  at 
right  anjiles  to  its  axis.  Wood,  which  is  a  bad  conductor,  in 
compaiiaon  with  metals,  conducts  beat  in  the  direction  of  the 
fibre.  Almost  all  animal  lissues  and  productions  sre  very 
much  inferior  to  wood  in  the  conduction  of  heat. 

Electricity  ia  conducted  through  different  substances  at 
almost  exactly  the  rat©,  and  in  almost  exactly  tbe  same  order 
as  heat.  Heat,  howevtr,  is  developed  in  wire  bj  a  currenL  of 
eleclricity,  acd  the  more  rapidly  the  mre  iwndutits  heat  the 
longer  time  will  be  needed  to  beat  it  by  such  cun'ent.     Thus, 
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while  it  glides  Tvith  little  resistance  among  and  along  the 
atoiss  of  silver,  heal  ia  continually  obstructed  in  parsing 
through  platinum,  awl  rapitily  hiingB  it  to  the  melii&i^  point. 
Again,  a  healed  wire  does  not  couduct  so  rapiJlj  &&  one  of 
the  same  metal  that  in  c^x)!. 

The  exftct  nature  of  the  motive  power  developed  or  acting  in 
electricity  is  not  altogether  clear,  but  that  it  is  one  of  the  modes. 
of  moliou  there  eau  be  no  doubt.  It  has  been  linggested, 
with  some  apjieamnce  of  probability,  and  wich  much  in-f 
genuity.  that  while  Iieat  may  he  a  simple  oscillation,  electricity 
may  result  from  cenain  compouud  OHcilktions.  When  two  , 
Baetala  of  ditierenl  kinda  are  ap[>lied  to  one  anotlier,  iiu  electric 
cnrrent  results.  If  the  two  niota^a,  hairiufj  dillereut  periods 
of  oscillation,  be  placed  in  contact,  a  new  rhythm  or  rate  of 
osciUatiofl  wll  result,  which  ia  slower  than  either,  nnd  differ- 
ent fpora  either.  This  lb  \rell  iUustrated  in  acousiics  in  the 
production  of  wavea  of  Bound  resulting  from  two  or  more 
wmple  waves.  This  sobject  la  still,  honerer,  under  consider- 
tttion,  anil  the  action  of  the  electrical  current,  in  passing 
through  various  bodies,  requirea  to  he  mui-h*  more  carefully 
studied  than  ha'^  yet  been  possible  to  enable  the  physicist  to 
illustrate  clearly  the  state  of  the  case,  or  the  precise  nature  of 
the  motion  induced.  Whatever  it  be,  however,  there  can  only 
be  a  slight  and  subordinate  distinclton  between  the  different 
Tarieties  of  electricity,  for  the  nature  of  the  force  ia  the  same. 
whether  excited  in  one  way  or  another,  and  whether  it  be 
developed  in  currents  passing  through  oiiie  kind  of  matter,  or 
through  mdtter  in  which  the  etate  of  the  molecules  is  entirely 
distinct. 

Light,  also,  h  an  undulation  or  vlbrHtion  of  atoms  extetlng 
in  space,  and  therefore  it  is  a  form  of  motion.  A  pencil  of 
laya  that  comes  to  us  from  the  bud,  and  is  eubmitted  for 
examination,  is  found  to  be  complex  in  ila  structure,  and  to 
he  built  up  of  clusters  of  rays,  some  consisting  of  variously 
coloured  light,  some  of  magnetic  force,  some  of  heat,  and 
aome  of  peculiar  chemical  action.  When  broken  up  by  a 
prism  ihe  inwge  of  the  ray,  or  the  visible  spectrum  thrown  on 
a  white  surface,  only  marks  an  iuterval  of  radiant  action,  in 
which  the  radiations  are  eo  n-kted  to  our  organisation  that 
^^^ey  excite  the  iropression  of  light- 

^^V  But  beyond  this  interval,  in  both  directions,  radiant  power 
^^B  exerted  an  J  dbeoure  m/s  fall,  those  falling  beyond  t\ie  \fA  to.'j 
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being  powerfa!  to  produce  heat,  while  those  falling  beyond 
■violetftre  jiowerrul  to  produce  clieraical  action.*  The  ray  of  light 
is  the  vilration  of  an  all-pervading  ether-  The  eje  is  adapted 
to  receive  impressions  fmia  a  limiled  nnmber  of  vibrations, 
waves,  or  pulsations,  per  second.  There  are  other  waves  of 
more  or  fewer  pulsfitioog  beyond  these  limits  that  are  not 
perceived  by  the  ordinary  eye,  tut  may  yet  bo  appreciated  by 
other  senses.  There  are  others  that  our  senses  do  not  inform 
us  of.  So,  also,  ill  the  same  way  there  are  waves  that  pro- 
diiw  audible  sound,  and  others  of  the  same  nntui'e  that  are 
not  audible.  Under  certain  circumstances  the  latter  can  ba 
raade  audible,  and.  the  former  can  become  visible.  A  ball  of 
inetal,  heated  to  a  certain  extent,  has  its  atoms  throma  into 
oscillatioUt  but  the  waves  are  not  rapid  enough  to  be  seen. 
Heated  still  further,  however,  the  oscillations  become  rapid 
enough  to  he  visible,  and  vee  say  the  ball  is  red  hot.  Tbe 
visibility  is  only  obtained  when  a  certain  degree  of  oscillation 
i3  reached.  The  sun  itself  is,  no  doubt,  r  source  of  heat  and 
light,  becauae  of  the  enormous  amount  of  oscillation  of  its 
particleSj  which*  communicate  waves  through  space  adapted  to 
iitTect  our  organs.  Light  and  heat,  therefore,  are  essentially 
of  the  same  tjuture,  difTeriug  in  degree. 

There  is  a  great  difference  between  the  waves  of  sound  and 
those  that,  passing  through  eUier,  comnnuaicate  ideas  of  heat, 
hgbi,  and  chemical  action.  Tliis  difference  may  bo  under- 
stood in  some  measure  by  die  statement^  that  the  particles  of 
the  atmospheru,  whose  vibration  produces  wavEs  of  sound, 
move  backwards  B.11A  forwards.  Those  of  heat  and  light  on 
the  contrary  move  up  and  dawu,  disturbing  the  ethef  that  per- 
vades space,  but  not  affecting  tlie  air  tbnt  beloogs  to  our 
earth. 

All  the  rays  from  sun  and  stars,  and  the  reflected  rays 
from  the  moon  and  planets,  are  produced  through  the  agency 
of  this  ether,  which  estenda.  throughout  the  universe,  and 
eonnects  all  the  systemB  into  one  great  whole.  This  ether 
may  not  be  identical  i\ith  material  atoms  in  the  ordinary 
sense.  It  rather  surrounds,  and  eonies  between  the  stoma  of 
all  solid,  liqoid,  and  even  giiseous  substances.  By  the  relation 
between  the  ether  and  the  atoms  of  certain  bodies,  the  waves 
that  excite  light  pass  through  them  without  disturbing  them. 

•  TjmdaU'ii  "  Heat."  io.,  p.  355, 
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Such  bodies  are  transparent  Other  boclies  allow  c^itaiu 
waves,  to  pass,  but  not  bIL  These  are  coloured  bodica. 
Tninaptirency  to  one  wdve  by  no  meatis  iraplkates  transparency 
to  aJl»  not  does  tfftospai'eaey  to  ]i|^ht  mean  transparency  also 
to  beau  Ruck  salt  allows  much  liglit,  and  almost  the  whols 
of  any  number  of  rays  of  radiant  heat  to  pass  tbrough  it.  Ice 
is  equally  transparent  to  light.,  but  allows  hardly  any  heat  rays 
to  i>flss,  absoi'bintj  and  checking  them  almost  all.  In  othtir 
words,  the  mndon  of  a  ware  of  beat  passes  through  and 
among  the  atoms  of  rock  salt  dispersing  them  but  little,  and 
therefore  checked  but  little,  and  a  very  large  part  emerges 
when  the  thiL-kneas  of  the  plate  ia  small.  On  the  other  bond, 
iht  motion  of  tlie  wave,  when  it  enters  ice,  tends  to  move  the 
atoms  of  ice,  and  being  almost  entirely  occupied  in  thia 
interior  work,  but  little  heat  or  motion  emerges.     Glass,  also,  / 

is  nearly  impervious  to  beat  rays,  ibough  perfectly  free  to  light    y' 
rays.     A  glass   screett,    therefore,  interrupts   the  heat,  and 
becomes  warm.     Lika  ice,  it  is  then  itself  a  radiant  bodyt 
distributing  the  heat  in  all  directions. 

The  air  arouud  us.  when  dry,  ia  io  this  respect  like  i-ock  salt, 
for  it  allows  alotD&t  the  whole  of  acty  quantity  of  beat  rays  to 
puss  through  Mithout  performing  any  interior  work.  The 
porticlea  of  moisture  eontained  m  it,  on  the  contrary,  interrupt 
a  proportion  of  such  rays.  And  it  is  not  only  water  or 
aqueous  vapour  that  intertiepts  heat.  Gaseous  bodies  of  all 
kmda  do  so,  though  to  a  very  difft^rent  extent ;  lAie  vapour  of  all 
essential  oils—in  other  wonls,  all  aceuts,  whether  of  ilowers  or 
atumals— ammonia,  oleLiaut  gas,  ^ulphuroiD^  acid  gas,  and, 
above  all,  ozone — that  singulnrand  littla  uuderatood  Bul>3tance 
— these  affect  the  properties  of  air  to  a  msrvollous  extent, 
iuterfering  in  all  cases  with  its  perfection  aa  a  diathermic* 
medium,  and  increasing  its  pov?er  of  absorption  of  radiant 
beat. 

It  is  impossible  to  over-rate  the  importance  of  thig  fact. 
The  air.  when  dij.  allowa  almost  the  who}e  of  the  heat  (or 
motion)  derived  from  the  sun  to  pass  through  it.  And  this  ia 
the  isuso,  whether  the  rays  consist  of  vertical  undulations  ex- 
hiliited  in  rays  of  light,  or  of  that  motion  which  is  resolved 
into  heat  when  ita  course  is  interrupted.  But  although  light 
oikd  h^at  so  readily  pass  through,  the  air,  if  f  ure,  would  not  be 


•  ^iathBrmia  meaaB  tnutspar^ut  to  heat. 
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edth^F  illamm&ted  or  heatf^  hy  ihetti.  The  air^  however,  ia 
never  to  be  obtained  at  or  oear  tbe  eftrih's  surface  without  the 
admixttire  of  ft  large,  though  es^'eetliiigly  variable  quantity  of 
material  atoms,  either  of  \)>ater,  or  rebuking  from  tho  octioQ 
of  hfe.  and  ail  these  alter  its  nature  with  regard  to  tnms- 
parencr  to  heat,  so  that  a  certain  portion  of  the  raj3  he- 
come  al)6orbed,  and.  the  air  is  so  far  Tcarm^.  Tbe  larner  the 
quautit}'  of  such  vapour  and  gas  the  greater  the  absorption, 
and  when  the  air  is  loaded  with  these  substances,  absolutely  no 
heat  papsea  llirough,  the  whole  being  stopped  on  its  way. 
The  earth,  if  hotj  could  radiate  no  heat  whatever  into  space 
through  an  atmosphere  of  vapour,  and  ihua  could  never  cool 
BO  long  as  such  atmosphere  should  endure.  On  the  oth^ 
hand,  the  sun's  rar^  could  not  warm  the  earth  if  Interrupted 
hy  such  a  film.  The  vapour  itself  wouJd  become  warmed,  |, 
and  would  itself  radiate,  and  this  would  be  quite  indepen- 
dently of  the  source  of  heat.  It  is  difficult  to  express  how 
extremely  minute  i&  the  proportion  of  vapour  that  seriouiily  in- 
terferes M  !th  the  passage  of  heat,  and  causes  dry  air  to  eease  to 
he  difttheriBic  or  transparent  to  heat.  In  suoii  air  as  is 
obtained  from  the  atmosphere  in  the  open  country  on  a  dry 
and  fiue  day  t}ie  absorption  of  heat  has  been  found  by  Fro- 
fessof  Tyndall  to  be  seventy  times  greater  than  the  absorp- 
tion of  tihsulutely  tlty  air.*  It  is  to  b6  regretted  that  there 
have  as  yet  tieeu  no  experiments  made  in  dillereiit,  climalea.  for 
the  sake  of  com^iarison. 

The  energy  of  water,  as  a  radiant,  is  not  less  remarksble 
than  tbe  completeness  with  which  it  absorbs  radi&nt  heaL 
"  As  vapour,  it  pours  its  heat  into  space,  and  promotes  con- 
densation ;  as  liquid,  it  pours  its  heat  into  space,  and  pro- 
motes congelation  ;  as  snow,  it  pours  Its  heat  into  space,  aod 
tbtiB  converts  the  enrfaces  ou  which  it  fttlls  into  more  powerful 
condensers  than  they  would  otherwise  be."|  The  removaJ  of 
the  aqueous  vapour,  even  in  any  large  degree,  produces 
results  of  extraordinary  magnitude  on  the  earth.  It  renders 
almost  uninhabitable  lat^e  portions  of  the  surface,  and  if  ib 
were  absent,  as  it  appears  to  he  in  the  moon,  no  such  exist- 
ence a^  that  we  are  acquainted  with  would  be  possible. 

There  ia  one  very  curious  result  of  experiment  concerning 
vapours^  and  their  behaviour  in  reference  to  rays  proceed- 
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iog  firom  some  eourcs  of  light  and  bent.  It  is  that  a  gas  or 
Tftpour  absorbs  those  precise  raya  which  it  can  itself  emit, — 
in  otber  words,  the  ntoms  which  ^wmg  at  &  cenniii  mte  inter- 
cept ilie  wavtra  excited  by  atoms  swinging  at  the  same  rate. 
Absorption  menus  the  transfer  of  the  motion  from  the  ether — 
the  tttniosphere  of  space— to  the  particles  of  matter  immersed 
in  it,  and  the  absorption  of  any  atom  is  exerted  chiefly  upon 
thoBe  waves  which  arrive  in  periods  that  correspond  mih  the  . 
atom's  own  rate  of  oscillation.  It  is  from  a  conBidenitioQ  of 
this  fact,  and  an  examination  of  the  spectrum  produced  by  the 
inf^ns^  ip-OJn  bus  lion  pf  some  pf  the  metals,  tliat  the  preaence 
of  dark  lines  in  the  &olar  appctrum,  a-nd  that  derived  from 
eoma  i>f  the  stars,  is  recognised  as  proving  in  these  hodies  the 
presence  of  some  of  the  metals  and  metalloids  that  form  part 
of  the  earth. 

Chemical  action  ia  another  form  of  motion.  This  ia  not, 
less  certain  than  that  heat  and  eleetrioity  are  of  this  nature. 
As  beat  sepnrates  the  moleculea  fiom  each  other^  and  elec- 
tricity appears  to  tend  to  arrange  them  in  certain  directions, 
fio  chemical  action  would  seem  to  enalde  the  atoms  of  Tari^ins 
feicds  to  combine  or  separate  and  fonn  compounO  or  simple 
atoms.  This  is  done  by^  some  part  of  each  pencil  of  raya 
proceeding  from  the  sun,  and  from  other  light-giving  bodies. 
Every  kiod  of  chemical  action  is  excited  by  electricity,  and 
there  ie  no  more  effectual  means  of  effecting  decomposition  in 
difficult  cases,  than  by  pa:^sing  a  powert'nl  electric  current 
through  a  compound  body.  In  this  way  water  is  reduced  to 
its  elements,  and  thus  also  many  other  great  chemical  results 
are  obtained.  So,  tilso,  all  chemical  action  is  atfected  by  heat. 
Generally  the  action  is  thus  rendered  more  energetic,  but  ia 
some  cases^  as  in  ammonia  and  snlts,  it  is  weakened.  Heat 
dcTcloped  involves  some  chemical  actiou,  and  generally  some 
electric  change.  Chemical  action  involves  the  increment  or 
reduction  of  temperature  in  the  body  afTected,  and  every 
change  of  temperature  promotes  or  excites  chemical  action. 

But  heat,  also,  and  mere  heat,  excites  the  ordinary  pheno- 
tijena  ol"  electricity,  for  when  two  dissimilar  metala  are  made 
to  touch  ^^ach  other,  or  are  soldered  together  and  heated  for 
that  purpose,  a  current  of  electricity  flows  through  the  metals 
So,  again,  electricity  produces  motion  by  attraction  and  re- 
pulsioD.  Heat,  as  exhibited  in  the  electric  spark  (which  also 
fihows  abundant  hght),  attd  in  the  voltaic  arc,  \%  moie  mtea&ft 
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than  is  ohtflJTialile  in  any  otlier  way,  Electricity  pro 
magnetism  by  it3  mere  passage  throunh  iron,  as  is  illustrated 
every  day  ia  the  workinf^  of  the  electric  telegraph.  It  pro- 
duces chemical  affinity,  as  has  been  already  pointed  out. 

"We  might  prQ<;eed  one  step  further,  and  show  that  vital 
energy,  alihoQgh  not  yet  [imduicet}  eitlier  by  heat  or  electricity 
or  by  any  other  recognised  forma  of  force,  is,  in  fact,  onty 
anutlier  of  these  vaiiecl  forma.  Vital  force  is  iotinidtely  con- 
nected with  hest  ami  motion^  with  electricity  and  with  chemi- 
cal force  It  produces  and  modifies  all  these  so  completely 
and  rtiadjly,  it  produces  heat  so  inevitably,  it  efiecta  so  mach 
chemical  change  in  forming  combinations  of  elements  not 
ntheruise  attaiualile,  end  its  results  are  eo  doflely  simulated  by 
the  transmission  of  electric  cutrentg  throiigh  the  nerves  when 
life  has  departed,  that  to  this  is  attributed  the  very  discoverf 
of  the  existence  of  galvanism.  In  all  these  matters  it  is 
difficult  to  say  where  the  relation  lies,  but  equally  imposaible 
not  to  feel  that  a  rehitiou  esiata.  A3,  however,  none  of  the 
niei:hanic4il  forces  htt-vn  as  yet  produced  life,  or  renewed  it 
when  extinct,  it  is  not  possible  to  speak  of  this  relation  with 
the  same  absolute  certainty  as  the  others. 

Tims,  then,  it  appoarn  tlmt  all  the  forces  of  natnre  ar&  cor- 
relative and,  90  far  as  we  can  lell,  interchangeable.  The  sun 
is  a  centre  of  force,  inasmuch  as  that  body  is  ihe  centre  of  heat 
to  our  planetfirj'  system,  and  heat  is  motion.  The  heat  or 
motion  derived  from  tlie  sun.  and  intercepted,  ia  never  des- 
troyed, it  is  only  changed  in  its  mode  of  action.  A  part  of  it 
is  converted  into  electrical  and  magnetic  currents  that  circulate 
through  the  earth ;  a  part  of  it  results  in  chemical  action  within 
the  earth,  a  part  of  it  i?  represented  by  heat  on  the  surface  or 
m  the  interior,  by  naotion,  and  by  the  circulation  of  water  in 
the  atmosphere;  and  a  large  part,  we  venture  to  suggest,  may 
be  occupied  in  producing  those  infinite  and  varied  phenomena 
of  life  that  surround  us  everywhere.  But  when  all  this  ia  done 
the  force  is  not  destruyed.  force  is  absolutely  indestruiitihle, 
and  can  only  be  converted  into  some  other  form.  An  enor- 
mously greater  iorce  is  needed  to  produce  molecular  change 
witliiu  the  substance  of  solids  and  liquids  than  to  move  them 
in  ma,ss,  but  the  molecular  change  goes  on  unseen,  aud  often 
eltogether  noknown,  fts  well  fla  unfclt.  Thus  there  ia  con- 
stantly within  the  earth  an  expenditure  of  force,  resulting  in 
molecular  motion,  that  is  almost  uulimited  iu  ita  amount  and 
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vanety.  Bj  Tadiatioc  the  earth  sends  off  into  space  th«  excess 
of  motion  communicated,  and  it  also  attracts  every  other  body 
in  the  universe  according  to  its  mam  and  distance. 

We  have  pointed  out  at  the  Ueginuiiig  of  ihia  chapter  that  a 
knowledge  of  the  forces  that  act  upon  matter  is  dr^sirable  to 
enable  the  student  to  comprehend  the  nature  of  physical  geo- 
graphy. It  is  only  thus  that  he  can  at  oil  enter  into  the  con- 
Blderation  of  the  pec uiiar  groups  of  facts  that  luake  up  meteor- 
ology, and  those  thut  are  most  interesting;  in  iijtirology.  The 
Rlinosphere  and  all  the  resulta  of  the  admixture  of  water  with 
it»  and  the  moTements  by  which  ^inds  and  storms  are  produced 
within  ir,  can  only  he  understood  hj  the  lij^ht  of  this  koow- 
Mge.  The  wfttere  of  the  oi^ean  and  ilieii*  circulation  arfi 
equally  dependant  on  the  lawa  we  have  been  tracing.  And  if 
ftlt  the  physical  forces  are,  bs  we  have  assumed,  correlative  and 
hiterehaugeable,  we  may  hope  one  day  to  diseiitaijgle  the  com- 
plicated phenomena  of  eletitritity,  and  deduce  ihem  all  as 
parts  of  the  great  system  of  motion  affecting  matter  everywhere 
tiid  for  all  time.  Without  this  identity  of  all  forms  of  force 
there  could  be  no  such  hope.  It  is  only  by  clearly  under- 
Btanding  the  relation  of  electricity  to  the  other  forms  of  force 
that  the  physical  gflographer  can  leani  the  nature  of  those 
changes  which  have  brought  the  earth  to  its  present  statSf  and 
that  are  still  active  in  producing  further  change. 

Before  concluding  this  chapter,  we  must  make  special  men- 
tion of  those  polar  forces  generally,  which  we  ha-se  already  re- 
ferred to  under  the  nainea  of  electrietly,  galvanism  and  mag- 
natisra.  The  general  ret-ult  of  the  passage  of  currents  of  these 
forces  through  the  earth  would  seem  to  tend  to  the  arrange- 
ment of  the  molecules  in  a  direction  nearly  parallel  to  the 
earth  "a  axia,  and  strictly  parallel  to  an  assumed  magnetic  axis. 
This  singular  tendency  affects  chiefly  certain  metftle,  of  which, 
iron  is  by  veiy  much  the  most  Btriliing  example.  It  is  illus- 
trated Id  the  compasa  needle,  whose  important  practical  use  is 
familuir  to  every  one.  In  a  uatuml  state  Kometimfls,  though 
rarely,  iron  is  found  so  far  affected  by  the  polar  furce  as  to 
arrange  itself,  when  freely  suspeaded,  in  a  north  and  south 
direction.  Obtained  artihcially,  and  in  a  pure  state,  iron 
readily  becomes  magnetic  by  the  pu^Hage  of  a  current  of  eleo- 
triuity  through  it ;  but  when  the  current  ceases  to  pasa  along, 
it  ceas^  to  be  magnetic.  Combined  with  a  little  carbon,  how- 
ever, ajidi  couverted  into  steel,  the  metal  becomes  tnn^Glic 
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with  greater  difficulty  and  more  slowly,  whether  hy  contact, 
current,  or  friction,  but  when  once  a  current  Ims  been  estab- 
lished, it  remains,  Hence  tliei  various  uses  of  magneis  of  dif- 
ferent kinds,  iind  the  advantage  i>f  using  soft  iron  when  a  cur- 
rent requires  to  be  completed  and  broken  every  iastaiit,  as  in 
the  eltfclric  teleyraph,  and  steel  when  the  current  is  required 
to  CDDtinue.  aa  lu  the  compaijs  needle..  This  peculiarity  ia 
very  instructive,  and  suggests  iroportant  coucluaions  with  ra- 
Bpect  to  the  mode  of  action  of  the  physical  forces. 

Besides  iron,  the  follofving  metals  are  magnetic,  but  in  a 
much  smaller  degree:— nickel*  cobalt,  manganese,  chromiunit 
cerium,  titanium,  palladium,  platinum,  oamium.  In  certain 
combinations  copper  and  zinc  may  become  magnetic,  tliOTigh 
in  a  simple  steite  they  are  not  so.  lu  all  the^e  metals  the 
molecules  arrange  themselves  parallel  t«  the  earth's  axis  when 
exposed  to  the  tiectric  force,  ^hile,  on  the  otbeir  band,  the 
atoms  of  all  the  other  elementary  bodies,  when  espoaed  in  a 
similar  manner,  place  themselves  at  right  angles  to  the  earth's  , 
axis  or  equatorially.  Of  bodies  characterised  by  llie  latter 
arrangement,  bismuth  is  the  most  remarkable,  and  after  it 
come  pbo3pborog>  aQtimouy.  zinc,  tin,  cadmium,  sodium, 
mercury,  lead,  silver,  copper,  gold,  arsenic,  uranium,  rhodium, 
iridium,  tungsten.  All  these  substances  are  said  to  be  dia- 
magnetic  in  contradistinction  to  those  tliat  are  viagnelic.  It 
requires  extremely  powerful  cufrents  to  render  the  phenomena 
appreciable. 

The  direction  assumed  by  a  magnetised  bar  of  steel  freely 
8U3pended  above  the  earth  is  not  truo  north,  except  when  the 
bar  is  euspetided  hi  one  of  two  lines  on  the  earth's  surface, 
called  lines  of  no  variation,  one  in  the  eastern  the  other  in 
the  western  hemisphere.  The  western  of  theae  lines  at  pre- 
sent passes  in  a  south-easterly  direction  from  the  00th 
parallel  of  BOrth  ktimde  west  of  Hudson's  Bay.  It  crosses 
the  American  lakes,  a  part  of  north  America,  and  the  Atlantic 
ocean,  and  cuts  the  meridian  of  Greenwich  at  the  65th  parallel 
of  south  latitude.  The  eastern  line  commences  in  the  00th 
I  parallel  of  south  latitude,  is  traced  westwards  through  the 
t  Indian  ocean  towards  Bombay,  thence  runa  eastwards  acroaa 
China^  and  northwards  through  the  Japan  sea,  and  reaches 
the  latitude  of  71*"  N.  Thence  it  makes  a  bend  to  the  south 
and  terminates  in  the  White  Sea,  The  position  of  these 
liu63j  however,  l9  constantly  shifting.    In  the  years  1607  to 
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lfl63  the  western  line  pasged  througli  London^  and  therafors 
at  that  time  the  compajss-needjle  pointed  tms  north.  Before 
that,  the  variation  had  been  to  the  eaatf  and  dimiuiiihing. 
Since  then,  till  the  hegiumng  of  the  present  c^erl[tu^)►,  it  in- 
creafied  liU  the  divergence  amonnted  to  '21^  18'.  It  'isaovi 
dimtnishiDg^  and  is  about  30°.  At  Greenwich,  in  the  year 
ISfiO,  it  amounted  to  iffO  -JO'. 

There  are,  also,  remarkable  and  periodical  variations  in  the 
amonot  by  which  the  needle  is  deflected,  or  bent  hwoj  fium  a 
true  horizontal  position  when  freely  suspended.  The  force  of 
the  earth's  raagaetiam  determines  thia.  This  variation  is 
emalleF  in  amount  ihan  the  other.  It  has  periods  of  incre- 
ment and  decrement,  and  has  long  been  decreftsiiig.  In  ITiiO, 
at  Greenwich,  it  amounted  to  74o  42' ;  in  1820,  TO^  3' ;  and 
hi  1860,  68*"  32'.  There  is  a  daily  and  monthly  change  in 
thie  magnetic  intensity.  Thus  the  intensity  ia  greatest  in 
Decemher  and  June,  when  the  earth  is  nearest  to.  or  farthest 
fTOm,  the  sun,  and  least  at  the  equinoxes,  when  the  position 
of  the  earth  is  as  far  removed  as  possible  from  these  extremes. 
The  daily  variation  is  greatest  in  summer  and  least  in  winter, 
least  when  the  sun  is  near  the  meridian  and  greatest  fit  ftun* 
riie  and  sunset. 

Magnetic  storms  occftBionally  occur.  These  consist  in  sud- 
den and  great  derangera^nts  of  the  electrical  currents  that*" 
pass  through  tlie  earth.  They  intBrfere  with  the  working  of 
electric  telegruph  wires,  especially  when  the  line  is  laid  in 
certain  directions.  The  disturbances  are  often  indicated  in 
the  higher  part  of  the  atmosphsre  by  the  appearance  of  vivid 
flaghes  of  Jiyht,  called  anrnra.  Hanh.  an  appearance  in  tli& 
uortb  is  an  tiofora  horealist  and  in  the  south  aurora  aiistralis. 
There  have  been  cases  in  whkh  aurorsB,  from  the  nort^h  and 
Bouth  poles,  have  met  midway  under  the  equator.  Great  mag- 
netic disturbances  ai'e  -usually  accompanied  with,  or  folJowed 
hj.  storms  of  wind  aiid  severe  hurricanes,  as  will  he  noticed 
more  at  length  in  the  chapter  on  which  winds  an^l  storms  are 
particulariy  treated  on. 


CHAPTER  III. 


TEA  BUCCEBSIOH  0¥  BOCER 

To  understand  pbvsical  geography,  it  is  as  necesaaiy  to  havft 
Eome  preliminary  Acquamt&nce  with  the  results  of  geological 
inveatigation  as  it  is  to  know  what  astronoitiiers  havu  deter- 
mined coBceming  the  ear*Ji  in  its  planetary  relationa,  aad  ^'hiit 
physicists  have  made  out  concerning  the  nature  and  mode  of 
action  of  physical  forces  and  motion.  Geology  itself  must  be 
based  on  a  sufficient  hoovfled^e  of  physical  oatronomy  and 
physical  geographj ;  but  some  account  of  the  results  of  enquiry 
in  tliis  direction  in  an  introductory  chapter  will  be  usefid  to 
the  genera!  readerj  reminding  the  student  of  many  important 
facts  already  leanit,  or  iuforniing  him  couceniing  them  if  he 
has  not  yet  entered  on  thy  study  of  that  department 

The  elements  of  all  the  natural  sciences  depend  so  much 
on  each  other  that  it  is  impossible  to  uiiderstand  one  alone. 
Some  general  linoMledge  iu  ihe  possession  of  ths  reader  baa 
been  ah'cady  assumed,  but  it  seems  desirable  to  give  a  sketch 
of  geology  in  a  very  brief  way.  Let  ua,  therefore,  now 
address  ourselves  to  learn  the  ascertained  results  of  enquiry 
concerning  rocks  and  their  super-position,  the  succession  of 
Btrata,  and  the  changes  that  have  taken  place  in  rocks  since 
they  were  fiist  formed. 

All  these  enquiries  belong  to  geologVj  properly  so  called. 
Important  and  highly  interesting  facts,  determined  with  refe- 
rence to  ihe  remains  of  animals  and  vegetables  that  have  once 
lived  on  the  earth,  and  have  left  indications  of  their  former 
nature,  form  another  science — rAUfiONTOLOOY.  This  is  a  means 
to  an  end,  so  far  as  pure  geology  is  concerned ;  and  thus  wo 
poatpona  giving  an  account  of  these  results  till  a  future  chap 
ter,  when  we  will  consider  the  tueeeasion  of  life,  after  duly  itliw- 
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.ting  the  Datiuul  conditioiis  under  which  life  exiata  on  our 
globe. 

I. — ^ROCKS    AND    THErn   SuPEE-tOBlTIOK. 

The  rocks  that  compose  the  earth's  cmnt  are  neceasarily 
made  up  of  the  minerals  at  tliB  surface,  either  formed  there  or 
brought  to  the  surface  at  Taiicius  tiniea  and  under  various  cir- 
cumstancea.  These  minerals  are  either  the  elements  alreflcEy 
Bpoken  of  or  tlie  combinations  of  elements  enumerated  in  the 
last  chapter.  Of  the  large  number  of  known  elements  it  ig  a 
fact  well  worthy  of  atteuCion,  that  a  comparatively  small  propor- 
tion are  found  in  the  materials  alwaja  ucder  our  feet;  while 
on  the  other  hand  some;  both  of  these  and  the  others,  seem  to 
be  'oniversfdly  distributed  in  oature,  not  only  throughout  all 
the  bodies  of  our  system  but  even  in  the  very  stars  themseWes. 
Very  few  of  the  possible  combinations  of  these  elements  are 
id  at  all  ui  nature,  and  atill  fewer  are  comraoix.  Thus  the 
[plication  and  difficulty  that  might  have  been  anticipated 
'do  not  exist,  and  a  singular  gituphcity  reigns  in  reference  to 
the  minerals  that  make  up  rooks.  It  is,  of  course,  impossible 
even  to  speculate  as  to  whether  this  simplicity  prevails  out  of 
OUT  Dwa  planet. 

In  almost  all  accounts  of  (he  earth's  structure  there  is  one 
rock  that  is  usually  referred  to  as  fundamental.  It  has  been 
thought  that  this  rock  underlies  all  others ;  that  it  is  always 
BO  Dearly  the  same  as  to  need  but  a  Binglo  name ;  that  it  forms 
mountain  crags  and  summits  because  it  has  been  thrust  tbrough 
other  rocks  by  violent  subterranean  action  ;  and  that  if  all  the 
other  rocks  were  removed  this  would  stand  out  boldly  as  a 
skeleton  of  the  earth,  marking  still  where  mountnins  stood, 
aad  showing,  in  the  depressions  between  the  mountain  ridges, 
the  site  of  eiisting  valleys.  This  rock  jg  granite.  It  is  a  conve-  le- 
nient name,  but  it  includes  a  number  of  very  dissimilar  thhigs. 
It  also  greatly  helps  to  conceal  an  ignorance  which  will  be  long 
indeed  before  it  is  dissipated.  But  we  must  begin  hy  remind- 
ing the  reader  that  granites  are  not  simple  rocks.  They  are, 
on  tlie  contraiT,  the  most  complicated  of  all.  They  have  been 
forraed  probably  at  ail  times  and  with  all  kinds  of  materials, 
and  from  the  debris  of  all  other  rocks.  But  inasmuch  as  the 
elements  composing  all  rocks  are  chiefly  silica,  calcium,  and 
akouniam,  combined  with  oxj-gen  and  hydrogen,  auimxei 
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up  with  small  proportions  of  a  Ibw  metals  and  metalloids, 
►       granites  do  uot  show  TDUch  Tariety  of  iiUitnate   coTDposition 
bejond  that  which  belongs  to  a  difference  in  the  proportions  of 
the  in|:^edients. 

And  since  granite  has  been  formed  under  circumalances  of 

temperature  atiii  pressure  ves-j  different  frnm  the  ordinary 
^  compounds  which  form  superficial  rocks,  ffiuny  cn'stallizationa 
aud  conihinations  have  been  effected  which  are  for  the  most 
piirt  distinct  and  characteristic.  Granite,  therefore,  though 
really  made  up  of  common  minerals  is  not  like  them,  A  very 
small  difference,  not  only  in  corapotsition,  but  in  the  heat  at 
whifh  the  compound  was  formed,  in  the  pressure  to  which  it 
has  been  expdaed,  and  in  the  time  during  which  it  has  been 
exposed  to  the  inHuence  of  iUe  pbysicnl  forces  under  certain 
cunditiona,  ia  enough  to  h:ave  produced  great  and  essential 
differences  of  appearnnce  and  behainour.  Some  grntiites  are 
in  large,  some  in  small  crystals:  some  chiefly  consist  of  one 
kind  of  crystals,  aome  of  another ;  some  are  of  one  colour, 
some  of  another;  some  are  hard,  others  rotten;  eome  heauti- 
fnl,  others  fortnlesa  and  colourless. 

But  not  only  is  there  this  difference  in  granites  from  different 
places.  In  the  siime  rock,  as  exhibited  in  one  district,  and 
evfin  in  a  small  hill,  it  is  very  geldoni  indeed  that  there  are 
not  marked  difference  in  texture,  gnun,  colour,  hardness,  and 
other  properties  within  a  very  few  yards.  In  a  qnsiny,  where 
the  rock  is  worked  on  a  large  scale,  there  nre  onij  particular 
parts  (mra,  they  are  called)  that  are  valuable.  Tlie  rest  ia 
generally  inferior.  It  is  too  iiard,  or  too  rotten,  or  has  not 
the  right  tiut  or  grain.  If  looked  at  carefully,  it  will  he  found 
that  there  are  real  and  manifest  differences.  And  this  ia 
natural  enough  if  we  regard  the  granite  as  a  re-composed  rock, 
resulting  from  the  alteration  of  certain  limestones,  sandstones, 
and  clays,  exposed  to  an  equable  and  high  temperature  for  a  long 
period.  There  is,  indeed,  no  e^idenne  whatever  that  granite  or 
any  similar  rock  exists  at  eitreme  depths.  It  may  do  so, 
and  perhaps  it  does  ;  bat  certainly  the  vaiieties  it  presents  are 
hardly  consistent  with  the  cntu'^e  uniformity  of  the  rock.  Still 
less  do  they  prove  it  to  be  that  which  underhea  all  the  rest. 

.They  rather  suggest  that  each  case  in  which  granites  appear 

'  has  its  own  local  historj'. 

Granites,  and  the  rocks  so  called,  consist  always  of  a  mass 
of  crystals,  generally  of  quartz  and  felspar,  with  crystals  of 
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ftU  embedded  together  as  in  a  paute.     The  mica  is  often 
Bt  or  replaced  by  homtiletiie.     The  felsjiar  is  of  vai-ioua 

dnds.  Even  tlie  qimrtz  differs.  But  in  a  general  way  there 
is  in  all  theae  roclis  an  excess  of  silica,  and  hut  a  small  quan,- 
lity  of  carbonate  of  lime.  Not  tliat  carbonates  of  lime  are 
absent,  hnt  they  are  much  less  abundant  in  gnmitoiJ  rocks 
ihttti  ill  some  other  combinaiiDns- 

Granitea  and  similar  rocka  foi-m  a  definite  gronp,  and  wlietlier 
always  original  and  early  formed,  or  alwaya  produced  in  recent 
times,  or  belonging  to  all  time,  which  is  moat  likely, — whether 
alwajB  simple  or  ahvays  derived,  or  sometimes  one  and  some- 
ijmes  the  other, — they  are  mai:h  too  important  to  bo  nei^lected- 
Tliey  are  found  in  most  countries.  They  are  often,  but  not 
always*  prominent ;  and  in  moaatain  ranges  they  Kometiia^s 
fonti  the  high  serrated  ridgea  or  mountain  plaits.  They  rarely 
offer  any  appearance  of  true  stratification,  or  alternation  with 
other  rocks,  bat  they  often  exhibit  a  rough  kind  of  lamination 
on  a"  large  scale,  and  instances  are  not  unknoviTi  in  which, 
granite  and  other  rocks  succeed  tach  other,  and  the  gmni(e  \s 
not  the  underljiiig  materiah  Ail  j^fstniles  are  particularly 
liable  to  exhibit  lines  of  fraiiture,  and  to  contain  fissures  or  - 
gaps,  which  are  oflen  of  considorable  magnitude  and  are  of  all 
tEimensious,  These  fissures  are  not  unfrequcntly  filled  up 
^th  foreign  inaterials  crystallized  and  aystematicalljarranged. 
Such  fissures  are  min^'ral  vebis.  When  they  coatain  metals, 
or  earthy  minerals  containing  metals,  they  are  called  lodes, 
l^odea  in  the  same  district  are  generally  in  sets  or  givjupg, 
poraile!  to  and  at  right  angles  with  one  another;  find  in  Lliese 
cases  the  dilicreut  groups  of  lodes  often  contaiji  different  metab. 
As  recipieats  of  valualde  uietallifKrous  minerals,  the  fissures  in 
granite  have  been  carefully  studiei,  and  their  histoty  is  to 
some  extent  knowa  aiinj  recorded  ;  but  there  are  innumierflblQ 
instances  of  fissures  and  narrow  cracks  admirably  systemntic 
in  their  armn^ement,  but  not  metailifsrous.  Theae,  thuii.^U 
not  lesa  instructive,  ore  less  profitable,  and  have  therefore  betii 
lese  accurately  known  and  deficiibed, 

Jilany  varieiit-s  of  granite  are  quiirried,  and  their  appearance 
is  thus  rendered  familar.  As  &  building  material,  some  kinds 
Df  granite  ore  too  hard  and  too  costly  in  working  to  come  into 
cjitensive  u*>e  for  ordinary  purposes.  For  certain  purposes, 
the  better  qualities  have  been  used  from  time  immemorial. 

Chey  supply  the  raateria}  for  those  couatmclioiis  iWt  ave 
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tttfBt  to  CDdw  fir  >age&,  and  aka  br  great  public  ^orka 
iilias  iitiei^tli  is  needed  and  expense  of  Doustnctioii  need 
not  be  eoDsadered.  Tbe  g^eat  teniples  of  l£^g^i  h^ve  handed 
dowa  to  aa  detailed  Etatements  of  tbe  cnstDms*  peculiarities, 
Art,  ftnd  e^ffn  Itistoij,  of  maitT  pans  of  northern  Africa  for 
aereml  thousand  years.  Hieragljphics  cut  in  ^nite,  and 
pfeserred  ciwing  to  the  dorabOitj  of  tbe  mateiiaJ,  cammnnj- 
cate  this  informatioo.  The  material  use^j  u  now  called  for- 
phyry  (from  the  colour  of  some  iraiiedes)  or  syenifs,  from  Syeue, 
the  name  of  the  place  where  are  the  most  remarkable  and  ihe 
oldest  quarries  in  Upper  Egrpt.  Both  are  Tarietica  of  granite. 
Id  out  own  time  and  country,  the  quarriea  of  Peterhead  near 
Aberdeen,  and  otheifs  in  Cornwall,  liare  supplied  granjte  of 
estfeme  heauty,  and  in  eftoOD&us  qoantity,  for  bridges,  quays, 
and  other  public  works,  beside:^  sb&fts  of  columns  and  polished 
slabs  for  deccraLire  purposes.  The  quantity  of  the  same  kind 
of  material  used  for  paving  purposes  in  London  alone  amounts 
to  many  hundreds  of  thou^^al;ds  of  toE9  annually.  Throughout 
Europe,  bat  especially  in  the  central  and  northern  countries, 
rock  of  this  kind  may  be  found  at  iuterrala,  either  at  thtt  sur- 
face or  at  a  comparatively  small  di&tance  below. 

There  is  no  sufficient  reason  to  induce  us  to  helieve  that 
granite  of  any  kind  has  existed  in  a  state  of  absolute  fnaion. 
All  the  appearances  that  favour  this  theory,  such  as  veins  of 
granite  thrust  out  like  fingers  into  the  intersticeE  of  other 
rucks,  appearing  sometimea  to  have  affected  them  by  intense 
heat^  are  cap^able  of  some  other  explanation.  Assuming  gra- 
nite to  be  a  rock  formed  by  cheniical  change,  acting  under 
peculiai'  coiidilions  of  temperature  and  pressure  for  a  long 
period,  it  is  not  too  mtich  to  assume  that  the  kind  of  crystal- 
lisation which  it  pfesepta  to  us  might  not  only  occupy  fissures 
in  the  roclis  adjacent,  hut  that  the  wails  of  the  fiasures  might 
be  hi  some  measuTe  affected  by  the  work  going  on.  There  is  no 
doubt  that  the  materials  composing  ail  varieties  of  granite  haTa 
been  in  a  state  of  iutenae  heat,  capable  of  nnoving  among  them- 
selves, and  under  heavy  preaaurft ;  &nd  this  can  well  be  ac- 
counted fur  by  the  natural  increase  of  temperature  observed  to 
lake  place  in  descending  to  any  depth  below  the  surface.  That 
this  is  due  to  a  burning  nucleus,  there  is  no  proof  whatever, 
Oil  the  contraryf  mathematical  investigation  seems  to  prove 
that  the  solid  crust  of  the  earth  must  be  at  least  3,000  mileB^ 
ur  half  the  radius,  iu  thickness. 


Incontestable  proof  of  the  association  of  water  with  granite, 
and  filso  \vil\i  most,  it'  uot  all,  tbe  crystalline  mineraU  occupy- 
in;*  veins  and  flsaiires  in  it,  i-^  aflbrilecl  bj  a  cm'eful  examina- 
tion of  the  mineral B  under  a  powerful  mJeroscope. 

Like  most  crj'stalline  rocks  and  minerals,  tliin  slices  of  gra- 
nitic rock  Abound  iu  very  minute  bubbles  and  cavitieis.  These 
are  so  numerous  ns  to  amount  to  millions  in  a  few  solid  inches 
of  the  mft^is.  Sumo  of  them  are  full  of  gas,  but  most  of  tbam 
contain  water,  eithpr  pure  or  holding  in  solution  more  or  leaa 
of  the  sails  of  sodium  and  other  alkaloid  bases.  By  an  ingenious 
and  laborious  method  of  investij^fitiou,  these  hieba  and  their 
contents  are  miide  to  reveal  the  circumstances  of  heat  aed 
pressure  uudei*  which  the  whole  msu-tg  waa  formed- 

Tljere  is  another  class  of  rocks  apparently  furnied  with  the 
agency  of  p;refll  heat,  but  much  nearer  the  surface,  and  in 
which  the  abaeuce  of  water  in  the  cavities  just,ifie3  the  conclu- 
sion that  tliey  have  been  meUefi  ae&r  the  earth's  surface. 
These  include  some  of  the  porjihvries  and  the  rocks  called 
trap  and  basnit.  They  are  derived  from  and  dependent  en- 
tirely upon  iidjacent  voleanotis,  or  openings  by  which  rock 
Boelted  by  some  local  cause  of  intense  heat  at  moderate  depth 
below  ihe  surface  can  reach  the  surface,  and  ejcercise  there 
tho  effect  due  to  the  amount  of  chemical  action  goiufr  on  below. 
That  basalt  is  an  ancient  lava,  or  rock  poured  out  at  the  earth's 
surface  in  a  melted  state,  instead  of  being  deposited  from 
wotar,  there  cmi  be  no  doubt.  The  two  rtn:ks  agree  in  all 
imporliint  lespects.  They  diiTer  chieHy  in  the  fact  that  tho 
true  basalts  may  have  been  erupted  under  water,  wliile  thosa 
modern  lavas  we  are  able  to  examine  aru  subaerial.  Most  of 
the  sub-aqueous  lavas  of  the  present  day  are  still  buried  be- 
neath the  rtflVGS.  Somelinies,  aa  iu  the  recent  erujdion  of 
Sanlorin  (January,  18Citt),  the  lava  poured  out  under  deep 
water  forms  shoals  and  ultimately  islands,  actually  reaching 
ftbove  the  Burfacci.  But  even  here  the  Iiiva  we  Bee  h  eub- 
aeriaJ,  not  sub-aqueous, 

In  point  of  super- position,  hy  which  is  mennt  the  mode  ia 
irhich  rocks  rest  upon  cue  another,  there  is  xjracli^jally  nci 
difference  between  those  in  which  great  heat  and  powerful 
chemical  action  have  altogether  removed  all  traces  of  merely 
raechaniical  orifrin,  and  those  where  mechanical  origin  ia  still 
perfectly  manifest.  Basalts  lie  over  the  ordinary  deposHta  ol 
the  sea.  oi'  on  iJm  nmer-woru  mid  wealher-wovn  Burfeces  tjl  t)ttQ  ^ 
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landt  and  soon  become  covered  np  by  or  gradually  pass  into 
other  mat£^ii«j,  wliich  is  perhaps  for  the  most  part  derived 
from  them,  or  which  may  be  entii-ely  brought  from  a  distance. 
So  it  is  with  granites  and  such  like  rocks-  But  iu  tlie  oise  of 
granites,  they  have  been  formed  at  s&  grent  a  distance  below 
the  surface,  as  well  as  at  such  high  temperBture,  and  so  slowly, 
that  the  adjacent  rocks  have  almost  always  lost  the  distinctive 
marks  of  tbeir  origin.  Still,  granites  alternate  vrith  tdcIss, 
which  OQt  only  are  not  granites,  hut  which  are  to  all  appear- 
anee  of  strictly  meclianical  otigin. 

Evea  when  tbtre  is  do  alternation,  granitic  rocks  are  often 
in  contact  with  compound  rocks  of  the  same  general  nature, 
but  ahoyether  mechanical  iu  their  amtugement.  The  ciy&laU 
that  make  «p  jjraoite  may  be  arranged  jn  heels  or  stratii,  so 
that  the  resulting^  rock  might  he  called  '*  stratified  granite." 
Such  masses  need  not  consist  of  the  ciyitals  of  granite  broken 
up  and  re  cemented.  When  thus  indfpendant  they  are  recog- 
nised by  geologist^  nnJijr  the  niime  of  ^npUs,  Such  rocks 
WOuhJ  Sceffi  to  he  nlUier  jiartially-fomied  granites  thftn  granit^B 
onctt  formed  and  re  arranged.  The  two  rocks  pass  into  cue 
another,  veins  of  eomplfetely-fomied  granite  occasioually  enter-  , 
ing  the  gneiss.  Decomposed  granite  is  a  very  different  rock, 
and  there  is  no  probability  that  it  could  be  coiivei-ied  into  anj 
■variety  of  gneiss.  It  is  ven*  abundant  in  certain  districts^ 
and,  like  granite,  it  presents  great  differences  in  appearance. 
Though  sometimes  very  hard  aud  tough,  gnebs  does  uot  seem 
well  adupied  for  hiiilding  purposes. 

From  the  mode  of  its  fomiatioD,  it  follows  that  gneisa  is 
more  or  less  stratified.  It  ia  often  contorted  and  confused  in 
its  stratification,  but  the  traces  of  methauicnl  arrangement  are 
clear.  It  occaaionally  alternates  witli  granite.  But  much 
more  frequently  it  connects  itself  with  rocks  of  somewhat  more 
clearly- marked  siradficatiou,  in  which  the  granite  element  is 
no  longer  tracenhle.  These  are  &ckists — splitting  rocks— often 
more  or  less  clayey  in  appearance,  often  highly  cryetalline  in 
le.^ture.  They  vajy  greatly  in  different  places.  They  are 
wiiJt'ly  bpread,  especially  in  mountain  districts,  and  they  often 
occupy  die  place  which  the  popular  theory  of  the  origin  of 
gr&uite,  if  correct,  would  require  that  rock  to  take.  It  has 
hardly  been  suggested,  however,  that  schists  are  due  to  other 
than  a  mechanical  origin,  although  they  are  often  loaded  with 
crystals  such  as  are  found  iu  the  veins  aud  fissures  of  granite. 
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They  also  abound  i\-ith  systems  of  fissures,  and  these  often 
contaiu  metals,  though  rarely  the  same  as  those  coaimon  in 
granite  fissures  in  the  same  district. 

Schists  pass  into  the  well-kxio^fn  rock  called  «fdte  or  chy- 
slttie^  but  this  rock,  in  its  most  characteristic  form,  has  the 
peculiar  property  of  splitting  into  films  with  parallel  faces, 
more  or  less  thin  according  to  circumstances,  and  capable  of, 
bemg  niade  use  of  for  various  ecouomical  jmrposea.  The 
spIittiDg  of  ylutes  is,  however,  not  due  to  iCirys til! line  stnicture.; 
It  seems  rather  Llie  result  of  enormous  squeeziug  to  which 
some  varieties  of  cky  have  been  exposed  in  the  changes  of 
position  that  have  taken  place  during  the  gradual  ekboration 
of  the  earth's  crust.  Great  scjueeziug  will  give  to  many  sub- 
fltancea  this  peculiar  airangement  of  tlie  parts,  whereas  Jio 
known  process  of  stratification  or  crj'stalliaalion  will  produce 
the  appearance  of  slate  in  any  kind  of  clay.'  The  marketahle 
q.ualities  of  elate  occupy  but  a  very  small  part  of  any  extended 
mountaii]  mass  of  the  rock,  but  this  is  owing  to  local  causes, 
irith  which  the  student  of  physical  geography  need  not  trouble 
himself.  It  is  enough  to  know  tliat  slates,  though  not  ex- 
hibiting their  stratification  in  their  splitting  planes,  {planes  of 
cleHvage),  almost  always  betray  tlieir  origin  by  an  appearance 
of  bedding.  The  discovery  of  the  bedding  enables  the  geologist 
la  underatftud  the  poaitioti  of  slates  relative  to  other  rooks. 

Generally  spealang,  it  may  be  mtdiCrslood  that  a  group  of 
rocks  consisting  of  granite,  gneiss,  fiobisls  of  various  kinds,  and 
filate,  arranged  more  or  less,  accurately  in  that  order,  aeema  to 
form  the  basis  of  such  rocks  as  are  presented  for  observation 
at  the  earth's  surface.  All  but  granile  have  certainly  beeu 
accumulated  by  some  slow  process  of  deposit,  probably  from 
water,  iTrauile, itself,  may  probably  huve  had  a  similar  origin. 
In  granite,  however,,  the  origin,  whatever  it  may  have  beeu,  is 
now  quite  obliterated  by  a  complete  re-formauon  and  re-con- 
etruction  of  the  mineral  mass,  wliile  in  the  other  rocks  the  for- 
mation and  construction  are  traceable^  however  obscurely* 
The  various  rocks  also  are  super-imposed,  that  is.  they  are 
heaped  one  on  another  in  a  manner  often  regular,  thont-h 
Bometimes  irregular.  They  are  rocks  that  are  Dot  e.'cnclly 
ideutical  when  compared  from  different  districtSi,  nor  even  from 
points  a  few  miles  asunder  in  the  same  district,  and  yet  they 
cao  he  recognised  conveaiently  by  the  same  general  name- 
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They  are,  on  tlie  ivhole,  the  lower  roclia.  for  although  they  may, 
t^oubtless,  be  of  auy  agCj  they  are  the  lowest  thai  oppear  in  the 
Jiatrict  where  thej  abound.  If  there  is  anything  older  in 
such  diarrict  it  does  not  appear  in  its  own  form,  but  mther,  as 
far  as  can  be  traced,  in  same  variety  of  one  of  these^ 

0?er  such  rocks  as  we  have  described,  there  are  generally 
heaped  masses  of  greater  or  less  extent,  cousiBting  of  lime- 
stone, sttudstoufl,  or  cky,  or  some  admixtures  of  these.  Very 
often  the  only  rocks  viaiUe  or  traceable  over  areas  of  many 
hundreds  or  thousanda  of  square  miles  are  nothing  more  than 
repetitious  of  these  masses.  They  are  not  alwHyg  in  the  same 
state,  nor  do  ihey  eitend  luiiformly.  Sometimes  they  alter- 
nate with  one  another.  Sometimes  one  prevails  largely, 
almost  to  the  exclusion  of  the  others.  But  these  are  the  ma- 
terials that  cover  the  roclis  already  alluded  to,  and  on  exami- 
nation ic  will  be  found  that  they  are  generally  derived  from 
them.  They  are  the  fragmenta  of  the  granites,  the  schists, 
and  the  slates,  broken,  away  by  the  action  of  the  weather  in 
mountain  districts,  ground  do^n  to  a  fine  powder  by  the  rivers 
or  the  waves  of  the  sea,  sifted,  grouped  au3  deposited  by  the 
water  as  it  passes  along  to  the  sea  over  the  earth's  surface,  or 
as  it  moves  along  iij  quicker  or  slower  currents  over  the  ocean 
floor.  Sometimes,  indeed,  they  are  mere  aocumulatiouii  made 
by  animals,  the  result  of  the  exercise  of  a  power  that  can  select 
certBiD  Bolid  snbsiauceg,  such  as  carbonate  of  lime,  phosphate 
of  lime,  or  silica,  indestructible  after  the  death  of  the  animal. 
Such  aie  coral  islands,  certain  kinds  of  mnd  at  the  mouths  of 
rivers,  fragments  of  shells  and  bone,  or  beds  of  coaL  Some- 
times tbej  are  accuttiulations  of  vegetable  matter,  such  aa  heda 
of  coal  and  lignite. 

Thus,  then,  it  will  he  seen  thnt  silicfi,  lime,  and  day,  with  a 
per-centnge  of  iron  and  other  metals,  of  soda,  potash,  and  other 
alkaline  bases,  and  of  cai'bon,  which  usually  form,  stratified 
rocks,  must^  if  this  statement  be  correct,  be  al*?othe  Bubstances 
of  which  granite  and  gneiss,  schist  and  elate  are  composed. 
Chemical  aialysia  conHrms  this  conclusion,  and  we  thus  see 
that  by  the  constant  alCeniation  of  combination  and  decompoai- 
tion  of  a  few  elements  and  minerals  tbe  whole  crust  of  the 
earth  has  been  built  nj),  and  that  the  same  kind  of  work  has 
beeu  going  on  from  the  first  commencement  of  the  eaith'a  er 
istence  as  a  habitable  globe. 
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a:  with  which  it  is  in  contact.     Without  water  there  could 
r  rste  he  no  such  strata  aa  those  with  which  we  are  fami- 

But  neither  could  these  strata  have  beea  availabie  for 
'  if  there  had  been  no  movements  affecting  some  parts  of 
artb'a  crust  and  not  the  rest,  and  no  upheavals,  deprea- 
ftud  other  movements,  bringing  to  the  surface  wb&t  was 
far  down  at  the  bottom  of  the  oceaa.  Nor  could  we  have 
he  esisting  evidence  of  the  earths  history  if  rocks  had 
rom  time  to  time,  been  buried  to  a  depth  of  tens  of  thoa- 
(  of  feet,  or  if  strata  once  formed  at  the  surface  had  not 
depressed  till  they  were  brought  \vithin  the  influence  of 
B  only  acting  far  beneath,  out  of  our  sifj^ht. 
trata'  is  the  name  given  by  geologists  to  successive  de- 
t  made  by  water,  which  baa  conveyed  heavy  material  for  a  ' 
ftn  distance,  owin^  to  its  motive  power,  and  then  left  its 
behind  ivben  its  motion  becaine  checked.  Owing  to  tlie 
antly  shiRing  conditions  of  deposit,  it  is  rarely  the  case 
MiJ  great  thickness  of  sand  or  mud  is  atcunmluted  with- 
jme  interruption,  or  some  cause  of  slight  modification. 

causiK  produce  the  usual  phenomena  of  beds,  layers,  or 
[,  familiar  enough  to  every  one  who  hm  examined  recent 
nulationa  of  any  kind.  But  H  must  he  clear  that  the 
t  generally  have  been  deposited  horiztfn tally,  or  T«ry 
Y  60.  No  great  and  continuoua  deposits  in  water  can  be 
|id  on  a  Bteep  slope,  and  the  mors  steady  the  heaping,  the 
c  the  Ciuaotitv.  and  the  slower  the  ooeration.  the  more  cer- 
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I  tain  in  t)i«  world,  bltbongh  in  the  Biitish  islaoda,  there  is  no 

omt  five  (hoasaud  feet  above  the  sea.     Other  countries  exhi- 
bit more  at  less  fkvourablj  similar  results. 

The  means  hy  which  we  aie  thus  enabled  to  investigste  wliat 
has  Ijeeu  below  tlie  surface  wdtbout  leaving  tbe  surface,  and 
learn  wbat  nature  hasi  done  in  the  deep  rece&ses  of  the  earth, 
are  situple  enough.  The  gtmta  have  been  deposited  generEllj 
at  moderate  depths,  aud  often  close  to  the  contact  of  land  and 
water.  By  the  agency  of  forces  still  in  action,  appareDti_v  con- 
r^ected  with  earthquakes  and  volcanoes,  parts  of  the  bed  of  tiie 
<»ceaii  aiid  of  the  land  are,  from  time  to  time,  subjected  to  de- 
pression or  elcralion,  slow  and  interrupted,  but  continuing  for 
a  long  period,  and  acting  over  a  very  wide  area.  By  these 
means  what  was  once  a  deposit  becomes  not  only  covered  up 
with  uewer  deposits  of  ti*  same  or  different  kinds,  but  is  car- 
ried gradualJj  witbia  die  influence  of  high  temperature,  and  of 
the  currents  of  eleL-tricity  and  chemical  action  there  constantly 
and  regularly  at  work.  Still  as  they  are  lowered  to  greater 
depths,  and  come  under  the  increased  pressure  of  fjesli  deposits 
above  theurt,  they  hecatue  more  and  more  eliauged,  and  from 
mere  heaps  of  iuMherent  mud,  loaded  with  impurities  and 
foreign  bodies,  ihej'  become  rocks  in  the  ordinary  sense  of  the 
word,  hard,  compact  and  Landed.  We  also  find  that  the  im- 
punties  aud  foreign  substances  are  often  separated  from  them, 
and  tnaUe  to  combine  in.  definite  knticaJar  puiaiies,  or  in  pa- 
rallel layers.  Such  is  the  first  chapter  in  the  history  of  geolo- 
gical formatioDH.  There  is  an  accumulation  and  a  burial,  and 
the  buried  mass  acquires  organisatioD  aiid  system^  aaiJ  a  dia- 
tjticlive  character- 
When  thus  formed  the  strata  may  remain  covered  up  for 
Au  induGuite  period  without  change.  But  the  time  cornea 
■when  the  rever&e  operation  takes  place,  and  tbe  whole  moss 
rises,  I'ben  commence  systematic  fractures  Bnd  irregular 
upheaval.  The  subterranean  force,  whatever  it  be,  and  how- 
ever it  may  act,  is  partial,  though  very  powerful.  It  breaks 
the  strata,  and  lifts  them  up  more  in  one  place  than  another* 
BO  that  they  become  tilted  and  faulted  (the  broken  edges 
aepamted).  This  may  take  place  to  any  extent,  even  until 
Bom©  of  the  dtpc&its  me  fairly  overturned,  others  being  left 
Tertical,  or  nearly  so.  For  the  most  part,  however,  the  order 
ia  correctly  preserved,  but  owing  to  the  iuclination  a  number 
of  beda,  originally  overlying  one  another  vertically,  may  now 
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exhRiit  their  uplomed  $dges.  It  must  not,  indeed,  ^e  sup- 
posed that  these  edges  are  left  exHctly  (te  thej  first  appeared 
aliove  the  surfitce.  The  work  of  elevation  has  proLshlT  I'om- 
nienced  beneath  the  sea.  or  ivilhin  the  hreits  of  acliou  of 
ruDiiing  water.  The  elevated  mass,  therefore,  will  have  heen 
exposed  to  the  acdon  of  powerful  causes  of  diaiige  while  it  . 
was  rising  &ho\e  the  waves,  and  the  irre^uliirities  and  ridges  J 
mU  Le  pared  away,  leaving  a  svnooth  surfat-e,  but  still  showing 
a  tM^tiou  froni  the  upper  to  the  lowermost  beds,  mid  lnying 
bare  long  series,  each  many  thoaeunds  of  fijet  in  thickness. 

There  is  no  definite  order  in  which  the  TariouB  niateriala 
«re  arranged  in  stratified  roclis.  There  is,  also,  no  exact 
lentificatiou  of  the  variouii  beds  that  are  contemporaneous,  by 
toy  mineral  characlensuc.  Throughout  a  Jong  Beries,  linne- 
Btones,  sandstones  and  clays  guctted  each  other,  each  group 
dilFerently  affected  by  llie  elevating  force,  each  having  some 
peculiarities  of  its  own,  p&rhaps,  but  still  each  being  only  a 
repetition  of  the  same  uiateriali^,  deposited  at  one  time, 
removed  at  another^  and  worked  up  over  and  over  again. 
But  generally  some  small  portion  of  each  is  relaineLl  as  a. 
sample,  to  be  handed  down  to  future  time,  and  tel!  the  history 
of  the  succession  of  deposits. 

It  must  not  be  supposed  that  the  deposits  thus  desLTibed 
are  always  vague  and  doubtful  in  the  evidence  tbey  bear  as  to 
the  state  of  the  world  at  a  former  time.  They  are,  on  the 
contraty.  often  precise  and  definite.  They  contain,  besides 
tbe  minerals  of  which  they  are  chiefly  composed,  numerous 
proofs  of  the  state  of  life  at  tiie  time  they  were  formed.  They 
even  con.'sist,  sometiinea  almost  excluaivply,  of  organic  remains, 
or,  in  otlier  words,  of  the  coiifitrucliana  and  solid  framework 
of  what  were  once  livuig  beings.  They  are  thus  cajnable  of 
ideutificfltion.  and  they  teach  ub  the  order  of  succession  in 
erent  countries  at  the  same  part  of  the  history,     Kothing 

more  remarkable,  nothing  can  be  more  tiHerul,  and  noibing 
Can  be  more  accurate  and  detinitelhan  ihismeHUii  of  determin- 
ing succession,  and  comparing  succeission  in  diifereut  parts  of 
the  world,  it  must  not  he  supposed  llmt  this  evidence,  strik- 
ing and  prominent  in  some  deposits,  where  it  is  derived  from 
the  prestnce  of  fossils,  is  less  valuable  in  others,  where  the 
foasib  are  few  and  difficult  lo  understand.  Far  down  hi  the 
Beries.  below  many  of  the  elates  and  schistSv  and  even 
granites— am  out'  the  most  fiuoietlt  of  all  rotka,  \S  ■»(&  'isiii-j 
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judge  hj  Bnp^F-positioQ,  ther«  are  indiistionB  of  life. 
kind  of  life  is  obscure,  but  the  oi^nised  structure  is  un- 
mi^takeable.  Schists,  largely  developed  on  the  banks  of  tiie 
St,  Lawrence,  Id  Xorlh  America,  and  thence  cdled  LfluT«ntian, 
are  of  euormous  antiquity,  and  have  yielded  thig  evidence. 
Simitar  schista  in  Scoiliuid,  very  far  below  thick  deposits 
which,  liU  lately,  were  thought  onfossiliferous,  have  been  found 
to  otfer  the  same  evidence.  The  rock  in  whiL-h  these  fossils 
occur  ia  almost  a  serpentine ;  it  is  a  magnesian  roL-k  greatly 
altered.  The  nature  of  tlie  organic  body  is  obscure,  but  it 
offere  nothin"  to  justify  the  conclusion  that  ihe  sea  was  ihen 
different,  or  the  laud  leas  extensive  than  it  is  now. 

And  from  this  old  Laareniian  rock  we  must  rise  through  a 
long  fluecession  of  deposits  fcefore  we  reaeli  the  Cambrian  and 
Cumfarifln  grits,  slates  and  schists,  of  our  own  island,  and 
then^  again,  up  tbroanb  some  thousands  of  feet  to  ^e 
Silurian  rocks.  Vast  gaps  indicating  the  lapse  of  long 
perioda  of  time  are  indicated  in  all  that  we  know  of  these 
oitder  rocks.  They  are  all  much  altered^  their  organic  con- 
tentfl  are  only  here  and  ibere  to  be  found  and  recognisei. 
They  bave  generally  betn  broken  and  distorted  even  ia  the 
countries  where  they  are  moat  abundant.  These  gaps  are 
breaks  in  the  geological  successioa.  They  become  less 
marked  as  we  reach  the  newer  formations,  made  in  more 
recent  times :  but  between  some  i-ocks  of  comparatively 
modem  date  there  are  interruptions  of  a  very  remarkable 
kind. 

It  ia  altogether  a  broken  history,  Ifaeiij  ibis  account  of  the 
succession  of  rocks.  But,  fragmentary  as  it  is,  ii  contains 
a  clue,  and  the  only  clue  that  exiats.  to  the  real  history  of 
creation  on  our  globe.  Some  geologists  believe  that  they 
make  out  a  continuous  hiatonr,  showing  life  in  ita  first  iutfO* 
duction  in  a  simple  form,  gradually  becoming  more  comples, 
presentiug  itself  in  coustaiitty  advauciug  types  of  organisation, 
and  culminating  in  man.  We  do  not  advise  the  student  to 
tie  himself  to  any  eiich  theoTv-  The  evidence  in  support  of  it 
is  chiefly  negative,  and  it  would  seem  more  unsaiisfiictory  than 
it  does  were  it  not  for  the  natural  desire  and  inHtinct  of  men 
to  discover  a  beginning,  a  midiUe,  and  an  end,  and  not  rest 
eatiafied  with  that  which  the  evidence  really  justifies.  AH  we 
can  suggest  in  the  place  of  this  faiLh  is  to  hold  back  from 
definite  couduiiioDs  till  the  facts  are  more  abundant^  and  tlu^J 
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waoection  with  eacli  other  more  c^ear.  But  we  are  here  con- 
lidering  ihe  succesaion  of  rocks,  and  not  tbo  Bucceasion  of  life, 
md  must  not  he  led  away  by  eonsiderEtioiia  that  belong  to 
another  chapter. 

There  are  three  great  recognised  groups  of  rocka  which 
Bave  heen  known  to  geologistSn,  and  are  fniniliar  to  geological 
BtQdenta.  They  are  called  paleozoic,  secondauy,  and  tek- 
hrjABY.  The  name  paleozoic  is  given,  hccause  the  group  bo 
jcalled  lucludeB  the  oldest  forms  of  life.  It  is  conveDient,  and 
not  theoretical.  The  otber  names  (oecaisiotially  replaced  by 
iTESOzoic  and  c.ENOzorcj  Imve  the  same  advautAge.  Tbey 
have  little  meaning  that  involves  any  theoretical  view.  Tbey 
assume  only  certaiu  aafe  conclusions  from  sufficient  evidence, 
namely,  that  two  important  natural  breaks  in  the  succession 
took  place,  so  far  es  rocks  are  at  present  known,  aud  that  of 
tbese  the  fii*3t  is  represented  by  the  interval  between  pa]ffiozoic 
and  secondary,  and  the  otber  that  between  secondaTy  and 
tertiary.  Tliat  such  natural  breaks  have  aonieliuies  occuixed 
m.  every  plaee  ia  only  another  mode  of  sayiag  that  much  time 
baa  often  elapsed^  and  many  events  have  taken  place 
between  the  deposit  of  two  roeka  that  now  succeed  each  other. 
ITie  time  isinditiated  by  the  change  in  the  kind  of  aninmls  or 
plants  who3e  remiuns  are  found  in  the  rocks.  The  events  are 
«ther  the  reanlt  of  the  wearing  away  pf  part  of  the  underlying 
rock  before  the  newer  waa  super- Imposed,  (indicating  also  a 
lapse  of  time)  or  the  result  of  upheaviil,  depression  or  fracture, 
tilting  and  disturbing  the  older  and  lower  without  affecting 
tbfl  newer  and  upper  rocka. 

Of  the  oldest  group  of  rocks  there  are  many  sub-groupa  of 
great  importance.  Many  of  these  probably  ri^preseut  a  much 
longer  duration  of  time  in  their  formation ,  ond  more  geological 
events  than  the  whole  of  the  middle  or  newer  groupa,  hut  this 
at  present  has  not  enabled  geologigls  to  propose  with  any 
certainty  a  fresh  anangement.  Besides  thtj  Lavrnitian,  or 
oldest,  and  the  Cambrian  and  X,oitriT  silurian  groupa^'tho 
latter  of  which  admits  of  very  important  subdivisions — tha 
Upper  silurian  and  Devonian  rocks  are  distinct,  and  well 
marked,  the  latter  differing  in  its  mode  of  representatiuti,  and 
in  organic  contents,  according  to  local  circumstances.  After 
this  comes  ia  the  great  Carhonijeroua  ^siern,  commencing 
with  a  vajit  and  important  accumulation  of  corallino  and  shelly 
lime&tona*  and  terminating  with  imiumeiable  beds  o£  muBT&i. 
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fuel  widely  spread  orer  most  parts  of  tha  existing  land.  The 
Permian  roch  complete  the  paleeozoic  series. 

These  gi-and  subdivisbng  pfesent  examples  of  all  tlie  com- 
mon rocks.  In  the  oldest  of  thena,  where  the  miiases  have 
been  longest  exposed  to  causes  of  ehnnge.  limestone  seems  leas 
abundant,  but  tkere  are  important  calcareous  zones  in  the  upper 
Silurian,  dnd  in  all  the  more  modei'ii  groups.  LimestiinB, 
Bandgtoae  and  clay,  in  a  state  more  ot  lesa  chang&d,  and  more 
or  less  mixed  up  with  each  other,  occfi^iomLlly  passing  into 
distinct  minerals  containing  magnesia  and  iron,  occasionallj 
loaded  ^vith  crystalline  miucrals  and  metalliferous  otgb  in  their 
fiasuresi — these  are  the  materials  that  make  up  the  older  rooks* 
In  one  part  one  variety  prevails,  in  another,  another.  Here 
we  see  a  thickness  of  thousands  of  yards  of  sandstone  alter- 
nating with  bands  of  coal  and  belts  of  ironstone.  ThoasaEds 
of  yards  below  are  muddy  argillaceous  limestones,  in  wkose 
crevices  lead  ore  is  abandant.  Both  are  underlaid  and  over- 
laid by  an  enormous  thii^kneas  of  shales,  representing  the 
clays  of  an  early  aea  very  slightly  altered,  Everywhere  sand- 
stones appear,  coarse  conglomerates,  consiating  of  boulders  of 
all  sizes  mized  with  finer  sand,  scarcely  bolJing  together; 
hard  grits  that  will  rather  break  across  the  pebbles  of  which 
they  are  made  up  than  fall  back  into  the  original  heap  of 
detritus ;  white  sandstones,  pure,  fine,  even-grained  and 
regular ;  other  sandstonesj  yellow,  brown,  or  red :  rongh,  ir- 
regular and  coarse ;  and  crystallised  quartz  associated  and 
a]teiiiat;ing  with  building-stones  and  flflg-stioa€3.  Such  is  the 
succession  of  rocks,  as  made  out  from  an  examination  of  the 
whole  series.  Confused  and  diflScult  to  -understand  of  them- 
selves, tbey  fall  into  order  and  armnge  themselves  easily  and 
perfectly  witli  one  touch  of  the  magic  wand  held  by  the 
palsEontologist.  Organic  conteuts  reveal  the  place  in  the 
series  to  which  each  belongs,  and  geology  becomes  definite 
when  it  can  avail  itsdf  of  thd  help  of  the  siuter  sciences 
of  zoology  and  botany. 

Secondary  rocks  are  also  subdivided,  and  theyevhihit  breaks 
less  perfect,  perhaps,  and  involving  a  lapse  of  less  time  than 
do  those  between  the  different  membera  of  the  palaeozoic 
groiip,  but  they  are  notn,  therefore,  less  easily  studied.  The 
rocVs,  too,  of  the  secondary  period  are  in  England,  though  not 
always  elsewhere,  more  in  the  condition  in  which  they  were 
dspo^ted,  aud  more  accessible  than  the  paleeozoic.     Is 
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limestooea  are  prevRlent.  The  clays  are  generallr  more  or  less 
calcareous,  and  even  the  Bsndfitones  are  o&mented  by  <3arbonftle 
of  limB.  The  prevalence  of  enrljonnte  of  lime  during  the 
deposit  of  the  familiar  rocks  cf  the  middle  and  neiver  part 
of  the  secondary  period  is  reinarlcable,  and  may  be  called 
cliarflcteriptic,  so  long  aa  Englurid  alune.  or  e\fn  Wealefii 
Europe,  is  examined.  But  this  113  not  so  ever^-wbere.  Per- 
haps the  real  cause  may  bo  that  these  nicks  beiug  newer,  and 
Dot  having  been  so  depressed  as  to  come  within  the  iuHaenre 
of  chemical  action  in  the  deep  recesses  of  the  earth,  ihey  are 
less  changed  than  the  others.  Where,  as  in  the  Alps,  there 
hKB  been  sufficient  alterHtion,  and  tliey  have  fallen  under  the 
same  influence,  the  result  is  bo  simitar  that  the  slates  and 
BBoidstones  of  the  later  secondary  can  hardly  he  distinguished 
from  those  of  the  older  period. 

The  cbipf  subdivmious  of  the  secondary  rocka  include  aand- 
Btones  at  the  base,  ao  closely  resembling  the  newer  Permian 
sandstones  of  the  paliEozoic  peiiod,  that  they  are  with  dif- 
ficulty disiinguiished  from  them.  These  saudatones  abound  in 
lock  salt.  Over  them  are  bands  of  clay  (lifts),  containing  in 
a  large  quantity  of  calcareoys  matter,  often  collected 

:o  bandy,  and  sometimes  passing  iuto  an  impure  white  lime- 
■tone,  especially  in  the  middle  part.  Nest  above  the  )ieg  19  a 
lemarkftble  series  oF  liraeatones  and  clays,  which  are  so  much 
developed  in  Enjrlftnd,  and  come  to  the  surface  orer  so  large  a 
part  of  our  island,  thftt  tliey  have  attracted  great  attention,  and 
ire  very  familiar.  They  do  not.  however,  repreaent  a  longer 
period  of  time  than  very  much  smaller  deposHa  of  older  date, 
barely  seen  io  England.  The  OvUtic  svnet,  bs  these  English 
isits  are  called,  forms  the  middle  part  of  tho  secondary 
of  rocks,  and  its  limeatnnes  are  remarkable  for  being 

lected  into  little  concentric  grains,  like  the  i-oe  of  a 
6sh.  This  construction  of  Ihe  limestone  is  me^hauicai, 
local,  and  comparatively  unimportant.  Over  the  oolites  are 
sandstones  in  some  parts  of  Europe,  but  in  England  the 
apper  beds  consist  of  a  fresh-water  deposit  on  a  soiziewhat 
lai^  scale,  and  as  most  of  the  principal  older  depoaita  are  of 
marine  origin,  this  becomes  especiaDy  interesting.  It  is  called 
wsalden.  At  the  top  of  all  are  remarkable  deposits  of  a 
peculiar  kind  of  limestone,  fine  grained^  soft,  and  apparently 
little  changed  from  the  original  deposit  of  soft  calcareous  mud. 
But  thig  bed — tlie  ohalk — hea  its  own  hietoiy,  and  the  Bints 
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which  abound  in  it  are  peculiart  and  have  been  elaborated 
since  the  ttibss  was  accumulated. 

There  is  almost  everywhere  a  siTigular  want  of  connection 
and  mutual  relation,  in  a  geolofrifial  sense,  between  the  chalk 
and  my  lock  lying  upon  h.  The  oldest  of  the  overljing  rocka 
seems  to  be  a  limeatone,  differing  from  it  hat  little,  except 
that  the  latter  and  newer  is  loaded  with  one  kind  of  fossil, 
nvhile  the  chalk  contains  au  equally  cibundaDt  series  of  olh^rs 
very  different.  The  rocks  of  the  tertiary  period,  however, 
like  those  of  the  secondary  period,  couaist  largely  of  lime- 
stones, and  to  a  leas  wide  extent  of  clays,  marls,  And  sand- 
stones. In  the  sonth  of  Europe,  in  Asia,  in  South  America, 
and  in  aome  parts  uf  Xortb  America,  these  rocks  are  more 
extensively  developed  at  the  surface  than  any  otbei*.  In  Eng- 
land the)'  flre  coni  para  lively  poor  and  cover  hut  little  ground,. 
Clays  in  the  neighbourhood  of  aiid  beneath  London  are  the 
chief  representatives  of  the  older  members,  and  shelly  sands 
on  the  const  of  the  eastern  counties  of  the  newer.  Over  all, — 
distributed  irregularly  not  only  in  England,  but  throughout 
northern  Europe  and  the  northern  part  of  North  America, — is 
a  wide-spread  deposit  of  gravel,  sand  and  boulders,  sometimes 
very  thick  and  continuoias,  but  often  thin  and  interrupted,  and 
consisting  of  material  removed  from  a  distance,  probably  by 
the  action  of  ice, 

Soch  is  the  general  succession  of  rocks.  Itregular  accumu- 
lations, each  one  derived  from  some  that  were  older  :• — continu- 
ous dej)osiC^,  more  or  less  broken  or  disturbied  i-— fragments  of 
rocks,  once  widely  spreiid; — such,  in  a  few  words,  is  the  state- 
ment we  have  to  mu.ke.  But  through  all  these  mas  a  thread 
that  servea  as  a  never-failing  clue,  for  the  eucceesion  of  rocka 
connects  itself  with  a  succession  of  life,  and  a  history  is  elabo- 
rated out  of  material  at  fii^t  sight  unpromising.  The  his- 
tory is  complicated,  but  it  h  not  doubtfid,  The  sea,  the  r&io, 
and  the  wiud — the  ever  acting  causes  that  promote  change  at 
tie  earth's  surface — ^have  always  promoted  similar  changa. 
Animals  and  plants  have  always  lived,  and  at  all  times,  as  now, 
they  have  been  perfectly  adapted  to  the  circumstances  of  eiist- 
«nce.  To  understand  th^  changes,  and  causes  of  change,  w« 
must  study  ths  earth  aa  it  new  is,  and  as  it  is  daily  modiffed ; 
and  thus  to  understand  geology  and  its  conclusions  aright,  wfl 
must  leani  physical  geography. 
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III. — ^METAitOflPHosia. 


Before  concludiog  the  present  chapter  and  this  general  out- 
ine  (i(  the  facts  of  geology,  a  word  or  two  must  be  said  on  ihe 
nature  of  those  cbatag«s  that  have  taken  place  in  the  texture 
of  certain  rocks  which,  being  deposited  as  mml  or  sand,  have 
since  become  limestonea,  saadstones,  or  claja ;  slatea,  schists, 
or  quartzitea;  marbles,  granite,  gnedas  or  basalt;  as  we  find 
them  uow  iii  the  earth. 

These  are  all  mDdificationa  or  reeoEstructions  of  the  eaoie 
elements.  Thej  am  be  reduced  to  these  elements,  and  we 
can  trace  the  progress  of  modi&catiou  in  separate  instances. 
It  is,  ho^vever,  easentiai,  that  the  course  of  change  m  rocks 
should  be  «ade^stood^  for  few  things  are  more  unlike  than 
rocta,  and  the  deposita  obtained  from  them  by  the  ordinary  ac- 
tion of  exuting  inHuenccs.  The  student  should  also  be  able  to 
connect  the  simple  rocka,  as  deposited,  with  reHulting  rocks 
formed  out  of  ttem,  and  thia  is  not  always  easy. 

No  sooner  is  a  deposit  left  by  wat«r  than  it  begins  to  change, 
for  it  is  almost  immediately  exposed  to  some  freah  action  of  forces 
in  the  earth.  It  begins  to  part  with  some  of  its  moisture  and 
becomes  drier.  In  drying  it  occupies  u  smaller  apace,  and, 
contracting,  it  cracl^.  It  is  soon  <:'overed  over  by  fresh  de- 
posits. It  is  made  up  of  variotis  ingredients,  nnd  these  induce 
chemical  action  or  currents  of  electricity.  The  whole  is  exposed 
to  such  currents  of  earth  magnetism  ss  are  known  to  course 
through  the  earth.  In  sorae  cases  the  mass  is  gradually  ex- 
jiosed  to  increased  pressure  as  it  sinks  down  below  the  oceau 
floor ;  and  the  sinking  involves  ^r&t  a  more  equable,  and  eoon 
an  increased  temperature. 

But  it  ia  also  by  and  with  water  that  the  change  takes 

place,  for  waler  ia  everywhere  and  at  all  times  circulating 

through  the  earth.     KuteriG;^  from  tlio  aurface  r.     "   '''- 

tris  sfl^tuf^  or 
duwn  by  eveiy  crevice  present  in  the  fiubstaDCe  ^  ,      .  . 

1    ,  -^      .  •'  V      ,     '^    ,  T..      ^-       -n  fonned  with 

and  atwajs  tondme  to  pi-oduc:e  some  alteratiou,  .^  ,  ,  ■ 

.■      .    '      ■         ,  T4.  •         .  .L  it  IS  uncertain 

to  overestimate  its  impoilaace.     It  is  certs     , 

water  that  all  essential  change  must  be  tr".   .     ,  '     upmirfil 

consider  the  principal  vanetiea  of  rocks,  ',         ,  . 

with  reference  to  this  point.     Some  rocV""^   repJacemente  so 

more,  and  more  easilv!  affected  by  oth  "^^^  gigan".c  are  con- 

|.r,  different  way.    Thus,  sand  ir  f^'J^^^^l^^^^^ 
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tlim  beds  of  majl,  will  be  little  altered,  and  indeed  such  rocfa, 
^vhen  found  in  the  earth,  are  often  hardly  changed  from  th«ir 
criginal  state,  Tliey  are  neither  more  compact  nor  oi  diiferent 
testure.  Sometimes,  no  doubt,  they  arc  converted  into  stone, 
the  sand  particles  being  cemented  by  carbonate  of  lime,  silica, 
or  oxide  of  iron,  but  these  have  all  been  uumhtakably  brought 
ill  and  deposited  by  water.  Sometimea,  parts  ere  unchanged 
Htid  utber  part?  convened  into  cryateJline  quart?:  rock,  bQt 
there  is  no  maih  of  heat-  Sometimes,  on  the  marly  films  are 
crystals  of  marl,  DGCupying  places  once  occupied  by  crystals  of 
sait.  The  marl  has  been  carried  in  by  water  to  replace  the 
salt  crystals  dissolved  by  water.  S&arcely  any  organic  remains 
are  preserved  in  such  muteriftl  now,  jmd  there  is  not  much  in- 
dication of  life  in  the  older  examples,  butfootprints  of  animals, 
Tvonn  casts,  &c..  prove  that  life  was  present.  Crevices  in  the 
sand  rock  we  filled  up  with  ctystalUne  qaartz,  certainly  of 
water  origin. 

Limeetoneg  are  more  varied  and  richer.     Deposited  as  nuid, 
or  coral,  or  fjhell  sand,  the  particles  are  cemented  by  icarbonate 
of  lime.     Soinetimea  the  whole  mass  ia  compact  and  crystal- 
line, sometimes  parts  are  cnyatalline,  sonietimea  the  whole  is 
semi-cO'Btiijliue.     The  shells  are  elianged ;  tliej  preserve  their 
form  ;  they  sometimes  retain  part  of  their  original  structure, 
and  soraetimes  they  are  full  of  calc  spar ;  or  the  shells  are 
gone,  and  their  place  is  occupied  by  casis,  also  of  carbonate  of 
limSj  or  perhapa  of  iron  oxide.     The  whole  mass  is  miiformly 
tinted  with  iron  oxide :  or  the  iron  is  collected  into  belts,  and 
these  are  often  rich  enough  to  be  osceedingly  Taluablo  as  iron 
ore.     The  rich  ores  recently  discovered  and  now  chiefly  usftd 
in  the  north  of  England  are  of  this  kind.     Any  foreign  sub- 
stances  once  mixed  up  with  the  liraestonfi  mud  are  cow  collected 
and  separated  hi  veins  or  crevices.     Large  cavities  and  empty 
"^^ces  arc  common  in  the  mass,  and  these  are  filled  partly 
the  earth*b  f^Bg'nents  of  the  same  limestone,  partly  mth 
Animals  ancf'^  '^^"^  ™^  ^™^'    "^^^  whole  Keriea  of  operatfong. 
they  have  beeu^^^^  limestone  mud  into  important  limestone 
ence     To  unde'*^^  veins,  is  the  work  of  currents  of  water, 
must  study  the  ^^^^  ""^^  ^"'^^^  particles ;  water  has  opened 
and  thus  to  under^^  ^^  ^^^^'^  ^^^^^  ^^'^^'^  quartz  and  other 

must  learn  pbysicd^"^  '^""•^'^  '"^  ^^^  "^^^^^s-    -"^  ^^"1^  ^^^ 
31'  combinations. 

lot  different.     Very  frequently  retain- 


ing  all  their  dssential  features  as  aqueous  TOcUa:^ — ihe  marka 
of  bedding  Blill  easily  seisQ :— the  remains  of  plants,  shells, 
teeth,  and  bones,  still  common ; — ^it  13  not  rare  to  finii  sooie 
of  these  dnjs  cooverted  into  shales*  and  it  ig  yet  more  usual 
to  find  them  alternating  with  calcareous  or  irony  bands,  as 
already  alluded  to.  These  are  not  unusually  colleet^id  roucd 
some  group  of  fosails,  acting  perhaps  as  a  disposing  cause  for 
the  Bepai^tioD.  The  slates  are  yet  more  t^triking  illustratioua 
of  change ;  and  in  them  also  occaaiunnUy  Khells  and  other 
foasila,  little  altered,  iudicate  a  water  origin.  Water  currents, 
acting  under  enormous  jiressure,  have  go  far  altered  clays 
that  they  have  become  slates.  But  the  veins,  or  cracks  aud 
crevices  that  abound  in  slates,  are  filled  w'ith  qnartz  in  a  ciya- 
talline  state.  These  are  often  fnll  of  feoles,  and  withhi  them 
sometimes  iron  pyrites,  sometimes  valuable  orts  of  copper, 
make  their  appearance.  But  iu  the  deposits  of  ore  there  is 
&tiil  no  appearance  that  is  not  more  readily  explained  by  the 
action  of  water  than  by  fusion.  Currents  of  heated  water — 
electric  currents  paaaing  through  the  eartli  in  definite  courses 
— these  would  aeem  to  have  been  the  agencies  in  prodacing 
all  the  transformation  and  metamorphosis  of  the  richest  metal- 
liferous rocks  uf  Cornwall  aud  other  countries,  where  mining 
is  carried  on  in  slate. 

When  we  examine  such  rocks  as  granite  and  the  !arga 
group  of  compounda  cf  which  it  is  the  type,  we  enter  on  more 
doubtful  ground,  and  must  proceed  Uiore  cautiously.  The 
tt'xture  and  appearance  of  granite  are,  it  is  true,  ualike  those 
of  lavas,  ancient  or  modern,  but  mere  external  characters  have 
not  much  value.  The  microscope,  however^  shows  that  a  very 
large  class  of  rocksi  of  which  granite  is  one.  have  been  formed 
in  contact  ^vith  ivRter,  for  water  in  a  fluid  state  is  actually 
mixed  up  with  them,  and  la  contained  within  the  separate 
crj'stals  of  which  they  are  constructed.  That  granites,  syen- 
ites, and  greenstones,  with  the  host  of  rocks  of  the  &alue  or 
nearly  the  same  general  character,  have  been  formed  with 
water,  there  can  therefore  bo  no  doubt ;  but  it  is  uncertain 
what  temperature  has  been  needed  to  produce  them. 

The  reader  may  be  prepared  to  ask  how  it  is  that  chenrueal 
changes  so  energetic,  transformations  and  replacements  bo 
compfetp,  and  metamorphoses  on  a  eeate  so  gigantic  are  con- 
sistent with  the  ordinary  state  of  apparent  tranquilJity  of  tlia 
'tttfirior  of  the  earth.     TJ^e  fuffibiinga  of  earthquukeSi  ^^M^ 
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not  in/fequent,  are  limited  to  very  amall  areas ;  the  eTuptiona 
of  volcanoes  are  erea  more  limited,  and  are  altogether  exuep- 
tional  pheuomeua,  occurring  on  a  lai^e  scale  iii  the  same 
district  only  once  or  twice  in  a  century.  But  the  changes  we 
speak  uf  must  he  incessant,  and  their  amount  very  large. 
Their  effects  are  evei-ywhere. 

We  reply  that  the  oppareut  repose  of  the  earth  is  not  real. 
The  giant  oak  standiDg  hrmly  rooted  iu  the  earth,  and  for  cea- 
turies  unmoved  by  the  hercest  storm,  owes  iLs  apparent  uoi- 
fbnnily  of  condition  to  changes  incessantly  going  on  within^ 
sod  to  ceaseless  ciirr«iLts  of  sap  that  circulate  through  its 
■whole  tissue — but  it  ocly  lives,  and  ia  strong,  because  of  the 
continual  change  and  replacement  that  we  call  life.  So.  also, 
our  grt^at  old  globe  itself  has  its  life,  its  fluids  circulating 
througlioat,  retaoviDg,  replacing,  raodifyingi  autl  renewing. 
Everything  iu  nature  is  in  perpetual  circulation,  and  water 
passing  everywhere  is  the  circulating  mediuta.  It  is  the 
earth's  blood,  preserving  life,  replacing  the  old  and  worn-out 
material  by  new  material,  separating  that  which  has  per- 
formed ita  work,  putcing  it  in  the  way  of  eot^riug  into  new 
combinations,  and  enabling  it  to  come  in  once  more  as  a  use- 
ful element. 

But  there  is  something  besides*  for  the  word  life  has  a  dif- 
ferent and  a  higher  meaning.  Vitality  requirea  not  only  a 
circulating  fluid,  but  a  certain  eneJ^y,  which  in  the  animal  we 
connect  with  the  nervoua  sj'stem.  Those  currents  of  earth* 
raegnetism,  obtained  in  some  mysterious  way  from  the  sua. 
and  pasaing  from  pole  to  pole  of  the  earth,  both  above  and 
within  th&  surface  ; — recognised  in  the  nir  by  one  kind  of  phe- 
nomena, and  now  well  recognised  in  the  substance  of  the  earth 
by  their  efi'ecta  on  the  telegraph  wire : — those  electric  forces 
induced  by  aod  governing  chemical  change,  such  as  the  pas- 
sage of  currents  of  water  through  different  minemls  cannot 
faS  to  produce ;  all  these  are  the  representatives  of  nervoug 
energy  iu  the  earth,  while  all,  so  far  as  we  know,  are  strictly 
BuperUci&l  pheuomena.  Lastly,  there  ia  vital  heat,  repre- 
BSDted  in  the  earth  also  by  the  higher  and  equable  temperature 
at  moderate  depths. 

Aqueous  action  producing  stratification,  and  metamorphism 
altering  strata,  are  thus  the  great  facts  of  geology.  Every 
fragment  of  limestone,  aandstone,  and  clay,  or  shale,  that 
enters  inio  the^  compoaitic>u  of  the  locks  of  the  earth  has  been 
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S^-ater- formed,  and  is  now  more  or  less  metamorphosed ; 
evety  fossil  that  is  found  bedded  in  roclta  is  lijtewise  cliauged, 
and  sbpwa  meUmorphism.  It  is  not  ocdj  the  granites  and 
other  crystalline  locke  that  hiive  been  ao  much  altered  that 
their  origina!  texture  land  history  are  lest  sight  of ;  but  dl 
other  rocks  in  all  counti-iea  tell  the  siime  tale.  There  are 
proofs  of  this,  and  illustrations  of  the  mf>ile  of  change  ever^'- 
where,  and  the  great  agency  employed  hai^  certainly,  in  most 
cases,  been  altogether  unconnected  with  heat  and  igueoua 
fuaiou.  The  very  oldest  rocks,  even  those  lowest  in  the  seriea, 
all.  Ij  their  nature,  structure,  and  composition,  pfeaume  the 
estisleuce  of  other  rocka  still  oldftr,  and  all,  without  exception, 
have  been  derived  by  the  aid  of  water  from  the  destruction  of 
some  of  yet  greater  antiquity.  All  rocka,  without  exception, 
have  also  been  acted  npon,  and  greatly  modified  in  eiiemal 
appearance  by  tbe  mechanical  action  of  water  running  over 
the  surface. 

Such  are  the  great  facts  and  results  of  geology,  a  knowledge 
of  which  is  necessary  to  understand  the  fuU  raeauing,  and 
enter  into  the  investigations,  of  physical  geof^rap^iy.  The  air, 
earth,  and  water,  and  the  beat  that  helps  to  bring  them  all  into 
an  active  and  living  state,  belong  to  the  earth^a  early  history. 
Thej  are  not  things  of  to-day,  and  Ihey  will  not  ocaso  to  act 
in  our  time.  By  connecting  the  inveatigatious  of  the  physical 
geographer  with  those  of  the  geologiat,  we  first  learu  the  fidl 
meaning  of  the  phenomena  observed  by  either. 


PAKT    THE    SECOND. 

EARTH. 


CHAPTEB  IV. 
LAND. 


Ob*  the  ivliole  surface  of  the  earth,  only  one-fourth  partj  or 
about  52  millionB  of  square  miles,*  rises  above  the  uniform 
level  of  the  water,  and  forms  the  laud.  The  rest  (146  millions 
square  miles)  is  covered  to  a  Tariable  but  nowhere  very  con- 
siderable depth  by  water.  The  surface,  both  that  part  covered 
by  and  that  risiug  above  tlie  water,  is  very  irreo;ijlar  in  ita  form 
and  exteT^^ion^  both  horizontal  and  Terdcal,  Tbi^  irreyolarity 
extends  to  every  detail ;  and  as  it  cannot  be  regarded  as  easen- 
tial,  being  mther  an  accident  of  the  present  time  thiin  anything 
more  permanent  and  liable  to  chnnge  by  the  action  of  various 
causea ;  and  aa,  moreover^  the  exact  physical  configuration  of 
the  gbbe  influences,  to  a  veiy  grent  de^fee,  the  cuuJitions  of 
nil  living  thinga  upon  it,  the  sulijei-'t  ia  one  of  no  smtiU  impor- 
tance. When  we  investigate  the  structure  of  ibe  rocks  that 
make  up  the  present  land,  and  discover  that  almost  all  have 
been  formed  under  water  and  with  water ;  that  all  have  been 
exposed  to  great  changes  in  the  interior  of  the  earth,  involving 
a  subsidence  from  time  to  time  far  heloiv  the  present  water  level ; 
— it  19  clear  that  in  time  to  come  it  may  happen,  fts  iu  tioies  past 
it  has  happened,  that  what  ig  now  land  may  sink  Jowu  and  the 
present  sea  bottom  may  be  raised  iuto  laud ;  so  that  what  ia 
now  continent  mny  become  a  group  of  islands,  or  be  buried 
entirely  beneath  the  waves.     Ou  the  other  hand,  other  conti- 

*  In  tbis  chapter,  and  throngliout  tlie  roluiiie,  it  IiftB  Been  thought 
■dYie'able  to  give  the  measurement b  in  British  statute  miles,  and  not  in 
geof  rapli ical  miles  of  aisty  to  a  degree.  Tho  lirilish  atatute  mile  core 
tnins  1,7G0  yarii^,  or  S,SBQ  feet.  The  gcogrgphiciBl.  mile  containa  G,08S 
feet  9  indiCB,  nparly. 
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nents  ot  islimds  maj  rise  up  from  the  lowest  depths  of  the 
largest  oceans  to  replELce  those  that  are  loat.  In  a  work  de- 
voted to  physical  geography,  it  is  tJie  coufigHratiou  of  to-daj» 
and  not  that  of  an  earlier  period  of  the  eorilig  hbtory,  that  we 
have  \o  consider ;  hut  it  is  impossible  to  understand  tliia  without 
looking  somewhat  widely  at  the  history  of  the  earth's  crust. 
This  reqwieite  outline  will  he  found  in  the  preliminarf  chapter 
on  the  succession  of  rocks. 

The  land  la  collected  ioto  three  compact  raassea,  and  a 
number  of  groups  of  smeJl  Gaassea.  The  foFmep  are  the  con- 
tinents, the  latter  islands.  One  of  the  three  principal  masses, 
that  including  the  three  great  continents  of  the  old  world, 
Europe,  Asia  ttnd  Africa,  is  very  much  the  largest;  the  next 
in  dimensions,  including  North  and  South  America,  is  also 
very  large,  hut  differe  from  the  greater  continent  in  almost  all 
respects  ;  the  third,  Austraha,  is  not  onJy  very  much  araalkr^ 
hut  again  diiferent  from  either.  Of  the  islands  the  same  m«y 
be  said.  They  are  of  all  dimensioua.  some  being  nearly  J  ,000 
miles  in  length  and  others  mere  points  of  bare  rock.  They 
are  gronpwd  in  all  conceivable  ways ; — they  attain  all  possible 
elevations : — they  are  constructed  of  all  varieties  of  material. 
So  again  with  regard  to  position.  A  large  part  of  the  land  is 
greuped  within  one  hemisphere,  $o  thaE  not  mor^  than  one 
tsventy-seventh  part  has  land  opposed  to  it  in  the  opposite 
hemisphere.  Thus,  if  a  peraon  stationed  verticnily  over  the 
town  of  Falmouth,  in  England,  could  see  half  the  globe,  he 
would  see  more  than  4!)  out  of  the  51  millions  of  stjuare  miles 
of  land,  or  about  an  equal  surface  of  land  and  water.  If,  how- 
ever, ho  were  perched  equally  high  above  New  Zealand,  ho 
would  see  96^  millions  of  square  niile&  of  water,  and  less  than 
two  millions  of  square  miles  of  land.* 

It  ia  impossible  not  to  he  struck  with  a  difference  so  striking. 
One  cannot  but  enqnirg  whether  tliere  is  any  known  reason 
fur  this  singular  irregularity  of  distribution,  and  whether  re- 
Bults  of  importance  in  reference  to  climate,  and  the  nature  of 
the  iohabitauts,  do  not  neceHsarily  esiat.  Such  enquiries  in- 
evitably suggest  themselves,  hut  to  answer  thetn,  needs  an 
extended  and  accurate  knowledge  of  physical  geography  in  all 
ita  branches. 

•  DcJinite  reaaona  Tiave  been  nsaigned,  baaod  on  mathenia'bic&L 
grounda,  far  this  dingular  peculioritj  pf  diatnbution,  Tbej  will  be 
diacuaa^il  pF^aentlj. 
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The  following  genera!  Btatement  of  figures  in  reference  to 
this  subject  may  be  uael'Lil  to  the  reader.  The  figures  repre- 
seat  millions  of  square  mites. 
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Total  area  of  water   .     *     .  . 
Do.         land          .    ■ 

"Water  north  of  th6  equator  . 
Laad                 do. 

Water  south  of  the  e<iuator  , 

Land                 do.               *  . 

Total  area  of  Asia     .     .     .  . 

Do.         Europe      .     .  . 

Da.         Africa  *     .     .  . 

Total  area  of  North  America  , 

Do.             South  America  . 

Total  Area  of  Australia  and 
islmids 


It  will  he  observed,  that  the  hemisphere  contaiQing  the 
greatest  amount  of  land  is  not  strictly  the  uoitbem  hemiephere, 
nor  cfln  it  be  said  to  have  any  r^fereniie  to  ea.st  or  west. 
Nfiitlier  is  it  central  TviQi  regard  to  the  principal  masses  of 
land.  It  includes  a  largo  part  of  the  Atlantic  Oeenn  :  and  as 
Ihfit  oeean  ia  ghalluwer  than  the  Pacific,  the  prL»tuberance  of 
fiohd  matter  in  one  direction  is  even  more  marked  than  might 
at  first  appear.  If  we  could  see  the  BolJd  surface  of  the  eaith 
deprived  of  its  watery  covering,  the  irregularity  in  form  pro- 
doced  by  thisi  protuberance  would  be  very  marked.  It  is  con- 
nected also  with  the  earth'8  history  ;  for  all  these  portions 
BOW  protuberant  have,  beyond  all  doubt,  been  buried  beneath 
^e  sea  for  ages,  befoi*e  being  thrust  out  in  the  ninnner  vre 
now  see :  and  w€  cannot  tell  how  ftir  or  bow  long  the  present 
bottom  of  the  sea  has  been  exputted  to  the  air,  since  we  have 
no  meang  of  examining  its  gtological  sttucture.  Certainly, 
the  lands  not  fcelotigin^  to  the  great  prutuberance  tteem  to 
hfltve  Iteen  less  exposed  to  frequent  elevatiou  and  depression 
than  those  of  the  other  parts  of  the  eaith. 

An  ingenious  attempt  has  been  made  to  solve  this  problem 
of  the  arranfjemeDt  of  the  land  and  water,  by  supposing  tha 
specific  gravity  of  the  rocks  in  the  water  hemisphere  to  be 
greater  thaa  in  the  other.     This  is  assumed  to  be  dvie  to  xke 


60 


FHISICJLL  OEOGR4PBT. 


presence  of  s  mv,ch  larger  quantier  of  metalliferous  and  other 
heavy  mineral  in  ibcse  districts^  and  to  a  more  cavernous  and 
open  structure  in  the  Kst,  and  to  tlie  greater  alnndance  of 
light  minerals.  Mr.  James  Yaies  has  imagined  that  the  centre 
of  gravity  of  the  earth  is  not  coincident  with  the  centire  oL 
magnitade  without  the  protuberance  of  water  on  one  aide, 
And  he  concludes,  that  Ae  earlli's  sorface  and  the  inequality 
of  land  in  two  opposite  hemispheres  are  permatiesit,  and  have 
been  connected  with  the  earth's  adaptation  to  life  from  the 
beginning,* 

By  the  protmberance  of  the  land  the  oceans  are  determined, 
for  they  being  water,  cover  those  portloEs  of  the  generd  sur- 
face which  are  below  a  certain  lerel,  or  within  a  certain  dis- 
tance from  the  earth's  centre.  It  has  been  estimated  that 
the  elfiTatiouB  of  the  land  are  parallelled  in  some  measure  by 
the  depressions  in  the  sea ;  and  that  as  tije  loftiest  mountaaEa 
are  for  the  most  part  situated  within  the  larger  tracts  of  land, 
60  the  greatest  depths  are  in  the  larger  and  more  open  oceans. 
At  any  rate,  the  actual  elevations  and  depressions  are  very 
fimall  indeed  compared  with  the  earth's  radius.  If  we  esti- 
mate the  total  distance^  from  the  lowest  depths  of  the  ocean 
to  the  summit  of  the  highest  peak  of  land  at  14  miles,  and 
this  is  probably  beyond  the  truth,  the  ratio  of  this  to  the 
earth's  radius— about  4,000  miles^ — is  a  little  more  t'han  one 
three-hundredth  part.  On  a  globe  of  the  largest  size  (86  in, 
diameterli  this  would  correspond  to  a  thickness  of  less  than 
one-sixteenth  of  an  inch.  The  depressions  and  elevations 
are  also  email  compared  with  the  distances  between  them. 
From  the  highest  point  in  the  Andes  to  the  deepest  parts  of 
the  Pacific^  there  cannot  be  a  less  horizontal  distance  than 
1,000  miles.  From  the  lofty  Himalayas  to  the  Indian  Ocean 
there  is  a  much  greater  distance.  The  average  slope  cannot, 
therefore,  amount  to  one  foot  in  a  hundred  ;  so  that  in  fact, 
on  &  large  scale,  there  is  no  considerable  average  slope  oa  any 
part  of  the  surface.  This,  of  course,  does  not  prevent  the 
existence  of  precipitous  cliffs  and  steep  mountain  sides,  either 
on  land  or  beneath  the  sea. 

Although  the  vertical  irregularities  of  the  land  are  small 
compared  with  the  dimensions  of  the  globe,  we  must  not  conceal 
the  fact  that  tbey  are  locally  great  and  are  of  infiuite  impor- 
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tance  lO  modifying  climate.  In  reference  to  the  first  point,  it 
must  be  remembered  that  the  surface  of  the  solid  eardi,  whether 
abo^e  Or  below  the  water,  does  not  consist  of  even  find  regular 
slopes.  Tbere  are  large  districts  or  btilta  of  extremely  elevated 
landt  and  large  troughs  greatly  depressed.  There  yra  esten- 
Tiive  plateaux  or  plains,  at  great  islevation,  and  others  at  a  lower 
elevation, — there  are  ten-aces  very  near  the  sea  level,  some 
at  a  moderate  depth,  and  others  at  great  depth  beneath,  the 
sea.  There  are  steep  abrupt  cliffs,  both  wkhin  ihe  land,  &t 
the  border  of  land  and  ocean,  and  separating  Gubmarine  ter- 
races. There  are  deep  abrupt  gorgea  and  ravinea  at  all  levels, 
and  the  mountaiu  cbains  with  these  deep  gorges  are  uol  all  lofty, 
nor  are  they  all  even  dry  land.  Such  phenomeua  belong  to 
the  earth's  form,  and  are  essential  to  it.  And  there  are  ve^ 
wide  depressions  or  valleys,  also  at  various  levels,  and  quite 
unlike  the  deep  ravines.  AH  these  form  what  geographers 
call  *'tbe  physical  features  of  the  eaitb;"  they  belong  to  it 
now,  and  they  are  connected  with  its  biatory. 

The  form  of  the  land,  and  the  relative  quantity  of  the  land 
above  the  sea,  are  evidently  independent  of  the  absolute 
quantity  of  water  in  the  ocean ;  but  the  land,  as  seeu^  and 
Bs  the  habitation  of  land  animala  and  plants,  is  dependent  on 
its  estent,  on  its  position  and  on  its  elevation,  for  it  is  strictly 
limited  by  tlie  line  of  contact  of  the  water.  Its  form  and 
content  consist  of  the  area  contained  above  this  line,  whether 
above  the  sea  level  or  not.  It  is  liable  to  change,  according 
to  various  circumstances,  and  to  a  very  large  extent.  Thu3, 
if  we  could  imagine  the  great  mountains  of  the  earth  to  bo 
pared  awaj,  and  thrown  iuto  the  ocean,  the  water  would  rise 
above  its  present  level  in  proportion  to  the  mass  thrown  in. 
It  would  spread  over  the  low  lands  and  thus  diminish  the 
area  of  the  land,  and  aa  the  quantity  of  land  is  not  large,  this 
might  go  on  till  no  land  was  left.  On  the  contrary,  if  the 
mountain  chains  of  the  earth  were  greatly  elevated,  and  the 
low  plains  Kfted  up  to  become  lofty  plateaus,  the  spaces 
formerly  occupied  by  this  solid  taatter  niust  be  occupied  by 
water,  and  the  level  of  the  water  would  sink,  laying  bare  and 
converting  into  kud  shallows  and  ban^s  now  near  the  surface, 
and  belonging  to  the  region  of  ocean. 

It  is  important  to  hear  in  mind  these  hypothetical,  but  very 
possible,  changes,  if  w^  would  undei-stand  clearly  the  ph^^tcol 
conditioD  of  our  globe. 
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The  line  of  coast  ty  which  sea  and  land  are  limited  is  a 
physical  fact  of  very  considenible  interest,  A  fiawing  and 
continuous  line,  little  broken  by  inlets,  bays,  gulfs,  end  inland 
seas,  is  erninently  fll  adapted  fur  tbat  watttr  eotnmtini cation 
tlial  i*  most  valuable  fof  cotDtneme.  Thus  lands,  whose 
shares  are  little  broken,  are  almost  ineniably  redu<:ed  to 
depend  on  their  owa  productioua,  and  may  not  hope  to  enjoy 
important  traffic  with  the  rest  of  the  world.  So,  again,  oceans 
with  sU'ch  coasts  are  not  the  seas  where  coTntnerce  is  most 
Bctive,  for  the  abaeuoe  of  good  harbours  greatly  iuterterea  with 
traffic,  and  prevents  a  country  from  having  much  commerce 
or  intercourse  with  foreign  natioua. 

We  have  described  the  land  as  grouped  into  continents  and 
lelands — the  coimecL^d  and  the  disconnected  lands*  This 
division  supposes  load  to  be  made  up  of  the  loFty  and  the  low, 
of  broken  and!  levfl  ])ortions  connected  together,  the  low-leTel 
plains  occupying  the  inter-spaces  between  the  higb  plains  and 
mountain  peaks.  And  it  is  evident  that  every  extensive  tract 
IB  so  made  up,  and  that  it  la  only  exceptionally  that  even 
flmall  islands  do  not  exhibit  something  of  this  irregular 
Burface.  Thus,  islands  are  only  portions  of  Eubmerged  con- 
tinents, and  the  continents  are  only  portiiros  of  the  sea  bottom 
elevated  above  the  eea  with  the  peaks  and  ridges.  Generally 
we  eball  find  tliat  peaks  and  ridges  lay  bare  metamorphosed 
rocks,  while  the  plateaui  and  low  plains  present  strata  of 
depneitiou.  There  is  much  mutual  relation,  atid  the  geogra- 
phical terras  are  duly  appreciated  only  when  their  geological 
meaning  is  understood. 

The  laodrt  on  the  earth  are  differently  grouped.  The  great 
contioient  mngea  from  north-east  to  south-we&t.  It  hangn 
round  the  arctic  circle,  and  is  almost  connected  by  land 
with  the  northern  extremity  of  ifee  American  continent.  It 
coat  many  a  valuable  life,  and  re^^ULred  the  energetic  efforts 
of  the  bravest  and  boldest  seamen  for  half  a  century  to  dis- 
cover the  fact,  that  there  is  a  water  channel  between  tbem. 
From  east  to  west,  witli  a  variable  breadth  which  reaches  to 
140o  of  longitudej  aod  with  an  area  of  33^  millions  of  square 
miles,  aji  almost  compact  mass  of  land  extends  to  about  the 
^Oth  parallel  of  north  latitude,  and  thence  dies  away  towards 
the  south.  This  raass  is  fringed  with  islatida  on  ihe  east, 
west,  and  south.  But  though  not  iroproperiy  described  as 
vmpact  in  the  absence  of  any  great  body  of  oceao  reaching  the 


^terior  and  central  part  of  this  land,  there  are  yet  on  all  sides 
fcaay  large,  and  innumerable  smaller,  breaks  and  inlets,  Tho 
whole,  also,  exhibita  certain  peculiarities  of  form  that  eeeia  to 
l>e  significant.  Thus  the  pyramidal  termination  toivards  the 
south  of  all  parts  of  thi^  land  ib  remarkable.  The  great 
continent  talies  tho  fDrm  of  &  huge  hand  Bti^tching  with  opeu 
fingers  towards  the  south,  This  ia  seen,  on  a  large  scale,  in 
the  form  of  Afiica,  India,  Arabia,  Malacca,  China,  and  Kaoi- 
tchatka.  On  a  smaller  scale,  and  in  detail,  it  is  recognised  in 
the  peainsulfla  of  Scandinavia,  of  Spain,  of  Italy,  and  of  Greece. 
And  this  form  is  not  contiacd  to  the  great  contiuent,  It  pre- 
Tails  also  in  America.  Both  the  great  divisions  of  America 
exhibit  it  in  their  general  configuration.  The  northern  divi- 
sion of  tlie  American  continent  shows  it  more  strikingly  in 
detail  than  the  aouthern.  Greenland  and  the  extremity  of 
Eussian  America,  California,  and  Florida,  are  all  striking 
examples.  The  Aiaericaa  differs  from  the  great  continent 
by  the  principal  direction  or  axis  of  its  lands.  This  axis  ia 
north  and  south,  or  more  strictly  NNW.  to  SSE.  The  length 
in  thifl  direction  is  nearly  that  of  the  great  continent  from 
east  to  west,  but  its  width  is  sniall,  in  few  places  exceeding 
one-fifth  of  the  length-  The  length  may  he  stated,  in  general 
terms,  as  about  0,000  miles. 

The  difference  between  the  two  massea  of  land  in  respect 
of  the  direction  of  extension  ia  not  more  strtking  than  it  ia 
influential.  It  affects  everythiog — climate  above  all.  It 
affects  the  movements  of  the  waters  of  the  ocean,  and  modi- 
fies the  winds  that  blow  over  the  whole  surface  of  the  earth. 
It  ia  one  of  the  great  facta  in  nature,  and  above  all  it  must 
be  remembered ,  that  though  e.wisticg  now,  there  ia  no  reason 
to  suppose  that  it  has  always  existed,  or  will  continue.  Con- 
nected Avith  it  are  the  different  directions  of  tha  mountain 
chains,  the  nature  and  es.tenEiou  of  the  rivcrSf  and  the  details 
flf  the  form  of  the  coast. 

Wo  must  now  consider  the  details  of  the  coast  lines.  The 
gre&t  continent  is  subdivided  into  three  parts- — Europe,  Asia,  - 
fcnd  Africa.  Of  these  Europe  and  Asia  are  so  naturally  oon- 
sected  that  Oie  diviaion  ia  arbitrary  and  political  rather  than 
geographical  and  physical,  Still,  as  it  has  been  the  universal 
Cttstom  of  civilized  man  far  all  ages  to  consider  Europe  aa 
disduct  from  Asia.  v,e  must  bow  to  this  decision,  and  descriha 
diem  separately^  so  far  as  that  iapossihle.     Of  the  Vna,  Eiuxo^ 
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19  very  much  the  smaller,  but  has  been  for  toany  centuries  the 
part  of  the  world  where  man  has  most  completely  subjugated 
oature.  Iq  earlier  times  a  comer  of  Afnca,  and  still  earlier, 
and  for  a  long  period,  Asia  was  pre'emiueat  in  this  respect. 
It  is  hard  lo  say  where  civilisation  began. 

Of  all  the  contiuents  (usiag  the  term  ia  its  limited  and 
popular  sense  as  convenient  divisions  of  the  great  con- 
tineul)  Europe  has  the  mo^t  varied  outline.  Its  principal 
mase^  which  contains  about  3|  millions  of  square  milea,  has 
a  coast  outline  of  not  less  than  20,000  roilcB.  The  same 
area  might  be  contained  within  a  circuit  of  less  than  6,0D0 
milea.  Tor  every  187  square  milea  of  surface  it  has  a  mik  of 
ctiast,  and  in  this  it  will  be  aeen  lo  contrast  remarkably  «ith 
other  lands.  Its  principal  mass  i$  deeply  interaected  in  thfl 
north  by  numeroua  inlets  from  the  Arctic  Ocean,  and  on  the 
west  by  the  Baltic  Sea  and  the  Bay  of  Biscay,  in  addition  to 
numerous  small  inlets.  Its  Medit-erranean  coast  is  still  more 
complicated,  aud  peninsulas  and  nearly  detached  promon- 
tories there  repeat,  almost  to  mimity,  the  phenomena  of 
articulationi  and  indentation  of  the  coast,  90  chai-acteristic  of 
the  whole  continent. 

Asia,  regarded  as  a  division  of  the  laud,  in  au  extension  of 
Europe  to  the  cast,  and,  like  Europe,  is  washed  by  the  ocean 
on  three  sides  only.  The  northern  coast  ia  much  indented, 
but  not  by  large  and  important  gulfa  and  inlets.  On  the 
eastern  and  southeni  coasts  there  are  peninaulasi  and  pro- 
montories on  thegraiidestBCale,  From  Kamtchatkaroand  the 
whole  cooat  to  Arabia  there  is  a  succession  of  these,  including 
amongst  them  India,  Malacca,  and  Cochin  China.  In  spite, 
however,  of  the  great,  magnitude  of  these  indentations,  and 
the  number  of  smaller  inlets  that  it  would  be  tedious  U> 
mention,  there  is  yet  an  enormous  prepnudernoce  of  laud  far 
removed  from  the  sea.  With  an  area  of  19  millions  of  square 
miles  there  are  36,000  miles  of  coast,  averaging  one  mile  of 
eoast  to  528  square  milea  of  surface,  or  only  one-third  as 
much  as  in  the  case  of  Euirope.  Regarding  Asia  and  Europe 
fls  one  tract  gf  land,  we  have  au  ftrea  of  nearly  23  milliona  of 
square  miles,  and  a  length  of  coast  of  66,000  milea,  or  one  mile 
of  coast  to  410  square  miles  of  area. 

Africa  is  remarkable  for  the  simplicity  of  its  outline  and  the 
absence  of  deep  indentations  in  its  coast.  Surromided  by  the 
sea,  &s.cept  at  the  very  narrow  isthmus  of  Suez,  it  is  almost 
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without  a  peninsula  or  iulet  of  any  kincl.  Ita  eren  ia  nearly 
twelve  millious  oJT  square  miles,  but  it  haa  only  about  16,250 
miles  of  coast,  or  IAS  square  miles  of  aurfoce  for  each  tnilB  of 
coast-  Tljig  proportion  well  represents  the  pecuJiar  and  hope- 
leas  condition  of  Africa  ia  refcFonee  to  that  inter-commuEica- 
tiou  with  other  countries,  which  most  surely  and  rapidly 
ensures  ci^'iliEation  and  the  genei-aJ  improvement  of  the 
human  rat!e.  We  shall  see  hereafter  that  ia  regard  to  in- 
ternal eommomcatiou  the  old  coutiaents  exist  under  similar 
conditions — those  in  which  communication  is  casie&t  hting 
predaely  those  in  which  tjivUiaation  has  made  most  rapid 
progreaa. 

Comparing  the  old  world  with  the  new,  the  great  continent 
with  the  Lwo  Americas,  we  find  that  each  of  the  divisions  of 
the  new  world  is  superior  in  length  of  coast  line  to  Asia* 
though  infeiior  to  Europe.  North  America,  with  an  area  of 
nearly  7^  mimo]is  of  square  miles,  has  a  shore  lino  of  ii8,000 
miles,  or  an  ovemge  of  one  mile  of  coast  to  SGO  square  miles  of 
area.  South  America,  with  a  somewhat  smaller  area,  (about 
Beren  miUious  of  square  miles)  has  less  than  16,000  miles  of 
Bhore  line,  or  an  aversge  of  one  mile  of  coast  to  440  square 
milea  cf  area.  The  two  divigions  together,  with  HJ  millions 
of  square  milea,  have  e  shore  line  of  44,000  miligs,  or  one  mile 
of  coast  to  eveij  330  equare  miles.  Lastly,  in  Australia  we 
have  H  territory  of  about  three  millions  of  square  miles,  with  a 
coast  line  of  about  8,ti00  miles,  being  one  mile  of  coaat  to 
every  340  square  miles  of  country. 

The  general  nature  of  the  lands  whose  coasts  are  thus 
chamcterised  may  now  be  diacussed,  with  the  preliminiuy 
remark,  that  a  breken  line  of  coast  ia  more  usually  rocky  and 
bold  than  one  where  the  indentiitioug  al*e  few  and  small. 
Within  a  cei-tain  distance  of  most  Bhor^a  there  is  some  clifT 
or  rapid  elevation,  varying  according  to  the  nature  of  the  soil 
and  Tockj  and  the  action  of  the  aca  upon  it ;  but  the  ntost 
remarkable  Qords  and  inlets  are  to  be  found  wliere  the  lijie  of 
coast  ia  lon^jiast  in  projiortion  to  the  area.  Steep,  loftj-,  and 
nregular  clii5fo  frown  upon  the  Bea  along  tho  westeni  shores  of 
Europe,  and  a  large  part  of  the  Mediterranean.  Similar 
diSs  aro  seen  elsewhere,  vvhere  th©  coaf^t  line  is  greatly  ex- 
tended. Within  the  crevices  and  interapaeea  of  Uieso  cliffa 
are    found   sheltered    harbours,   well   adapted   for  shipping. 
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and  in  the  Ian  JB  Qius  surrounded  and  defended  are  die  chief 

marts  of  coramerce. 

The  land  of  the  northem  part  of  the  great  contiuent  in- 
clndes  all  varieties  of  surface.  A  central  asJa  runs  tlirough 
the  whole,  from  the  Atlantic  to  the  Pacific,  and  the  greater 
part  of  this  axis  consiats  of  ridges  of  mountain  land,  niore  or 
less  lofty.  Ill  parts  the  mountains  form  parallel  or  divergent 
ranges,  separated  hy  very  wide  intervals  of  lofty  plains.  Such 
plains  are  found  in  the  Iberian  peninsula  in  Europe,  and  in 
the  vast  plains  north  of  the  HifliaJayan  chain  in  Asia.  Else- 
where we  find  hrokeQ,  picturesque,  find  hilly  country,  not 
much  connected  with,  or  dependent  on.,  the  mountains,  but 
greatly  affecting  the  physical  features  of  the  country.  Among 
the  plains  are  the  steppes  of  western  and  northern  AsIBt 
the  great  plains  of  Hussia,  and  the  numerous  plains  of  mode 
rate  elevation  in  northern  Europe.  Connected  with  them 
are  lower  plains  to  the  north,  both  in  Europe  and  Asia. 
Everywhere  we  find  tJie  land  descending  rapidly  to  wide  flat 
tracts  to  the  north  of  the  great  chain,  whi!e  to  the  south  it 
descends  in  many  places  to  high  terraces  and  plateaux,  of 
which  India,  Arabia,  and  the  Spanish  peninsula,  are  examples. 
Betwcea  and  amongst  all  are  the  beds  of  rirers,  many  of  them 
now  Lai^^e  and  im]K>rtaut,  but  almost  alt  hearing;  marks  of 
having  been  formerly  much  larger  and  more  influential. 
These  are  the  valleys  whirh  usually  open  out  from  gorges  in 
the  mountain  chains.  Generally  the  river  valleya  are  at  first 
at  right  angles  to  the  mountains^  Afterwards  they  not  un 
frequently  alter  their  direution^  and  run  for  long  distaucw 
pftmllel  to  the  axis  of  elevation.  Here  and  there  they  are 
seen  to  cross  abruptly  the  lofty  chains  through  deep  cuts.  The 
rivers  of  Europe  and  Asia  ere  both  uumerous  and  lar^e,  but 
few  of  them  ars  of  the  nature  of  torrents,  as  they  run,  for  the 
most  part,  over  gentle  slopes.  For  this  reason  there  are  few 
great  waterfalls.  The  lakes,  or  atcumulationa  of  fresh  water 
in  Europe,  are  not  remarltable  for  their  dimensions,  although 
often  so  placed  as  to  sfford  the  most  enchanting  views  of 
mouBtain  scenery. 

The  African,  or  southern  portion  of  the  great  continent, 
differs  remarkably  from  the  northern  division.  It  has  no  con- 
tinuous  or  woll -marked  mountain  axis,  but  in  place  of  this  an 
encircling  chain  of  high  table  land,  enclosing  a  vast  area  of 
the  tiftture  of  a  parddly  drifid-np  swamp.    The  northern  jpart 


5t9  chflin  connects  itself  with  the  great  mountftin  sytstem 
of  the  old  world  ;  but  there  is  a  hroud.  low.  unwatered  vallev — 
the  Sahara,  or  great  de?$rt  of  googrephers — hetween  this  north- 
ern elevated  tract  and  the  south.  The  eiiatence  of  a  mountain 
chain,  or  at  least  of  elevated  high  land  on.  or  near  the  line  of 
the  equator,  shutting  in  tho  great  central  swamp,  is  pR>bable, 
and  has  been  asserted  on  the  authority  of  natives  and  Arab 
merchants.  It  was  believed!  to  esisthj  tha  late  Captain  Spelie. 
find  its  western  extension  to  the  Guinea  coast  has  been  aS' 
figrted  by  many  African  travellers.  Du  Chaillu  believed  that 
he  travelled  through  some  part  of  it,  but  hia  evidence  waB  in- 
sufficient for  want  of  accurate  observations  of  latitude  and  !ou- 
gitude.  Africa  13  watered  by  some  of  the  largest  rivers  on  the 
globe.  Three  at  least  of  its  fitreama  are  remarkable  for  their 
great  leugth  of  course,  but  except  in  tha  case  of  the  Nile  they 
bear  hut  a  sraall  tribute  of  watera  to  the  ocean.  Perhaps  the 
moat  remarkable  featurs  of  African  physical  geography  is  to 
be  found  iu  its  lakes.  Tliese  vast  sheets  or  ponds  appear  to 
exist  at  intervals  among  the  high  plateruix  that  surround  and 
enclose  the  interior  of  the  continent.  Tliey  are  numerous  as 
already  knowu,  and  probably  there  are  many  others  not  yet 
visited  and  described.  They  communicat*  imperfectly,  some- 
times by  rivera  of  importance,  and  two  of  them  at  least  are 
head  waters  of  tho  Nile.  The  rivers  of  Africa  are  not  less 
remarkable  tlmn  the  lakea, — thfly  circulate  ro«nd  nnd  through 
the  interior  phiins  and  plateaux,  and,  except  in  the  case  of  the 
\ile,  they  do  not  present  finj  important  deltas  where  they 
enter  the  sea. 

The  American.  contiDent  dilfers  exceedingly  from  the  great 
continent.  Ita  raountaiD  axis  is  nearly  at  right  angles  to  that 
of  the  old  world,  and  it  is  placed  close  to  the  wegtem  side  of 
the  land.  Thus,  on  one  side  there  is  an  immedtatfi  and  rapid 
descent  to  the  sea,  and  on  the  other  a  succession  of  vast  ter- 
races^  watered  by  the  laf^'egt  rivers  in  the  world.  In  the 
north  the  condition  is  somewhat  varied  by  a  subordinate,  hut 
aot  uuimportimt  mountain  range,  near  the  east  coast;  and  this 
exists  also  in  Brazil,  in  South  Ataerica.  Thera  is  in  North 
America  a  chain  of  gigantic  lakes  connected  together,  all  did- 
charging  their  surplus  waters  by  one  great  river.  In  the  rest 
cf  the  country  there  are  no  very  large  lakea ;  but  among  tha 
^ndes  are  soma  at  an  extreme  elevation. 

Australia  is  a  contment  singularly  different  \\\  \\&  ■p\i^'iica\ 
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t^Uxtm  frora  tnj  of  the  other  Lirge  tracts  of  land  cm  the  e&rlli. 
With  few  raonnt^s  &iid  rivers— the  latter  either  nmning  ptirt 
of  their  coarse  under^und  or  disappeariog  altogether — with 
a  Tegetation  and  anitual  iotflbitants  altogether  exceptional,  it 
is  yet  fouod  tokrabW  weH  ada['led  to  European  habits,  and  is 
in  the  v&y  to  be  peopled  from  its  antipodes.  It  has  no  moun- 
tain axis,  properly  so  called,  and  no  circlet  of  mountains^  no 
perroaBent  lakes,  and  hardly  any  important  rirers.  JJuch  of 
the  ioterioi"  is  le^**!-  Large  areas  are  consideTB-hly  above  the 
aea,  though  very  levtl ;  and  there  are  no  preat  conti'asts  of 
form  as  io  the  other  lands,  except  along  the  eastam  coast. 
Although  once  thought  inaccessible,  and,  owing  to  the  absence 
of  permanent  streams,  almost  uniuhabitable  bj  civilised  man, 
the  recent  explorations  and  the  successful  traverses  that  have 
been  made  aerrisg  the  country  from  sea  to  sea,  tend  to  prove 
that  the  difficulties  of  reaching  and  cultivating  the  interior 
have  been  exaggerated ;  and  Ihat  settlements  ivill  gradually 
extend  backwards,  especially  from  the  south  aod  north,  til! 
they  meet  in  the  almost  unknowq  centre.  At  any  rale,  there 
are  no  lofty  mountains,  no  large  lakes,  and  no  interruptions  of 
desert  land  to  interfere  with  this  result. 

The  islands,  as  we  have  already  pointed  out,  are  but  the 
plateaux,  ridgos,  and  surarails  of  submerged  land  ;  or  ruther 
of  that  pnrt  of  the  solid  surfaca  of  the  earth  of  which  all  the 
lower  portH  are  below  the  present  level  of  tho  sea.  Those  that 
form  groups,  fringiDO  the  great  tracts  of  Itind,  would  seem  to 
belong  to  and  farm  part  of  such  land-  Those  that  rise  out  of 
the  0]jen  sea,  far  from  the  land,  fonn  groups  more  or  less  con- 
nected, showing  the  position  of  the  submarine  high  lands,  and 
are  suggestive  in  the  highest  degree  of  the  structure  of  part 
of  the  earth  otherwise  conceaJiid  from  us,  and  burieil  beneath 
the  ocean  floor.  Some  of  them  are  volcanic,  or  are  connected 
with  burning  mountains  of  ancient  or  modem  times.  Others 
are  organic,  having  be^ti  formed  directly  and  evidently  by  the 
Bccumuladon  of  matter  by  living  beiogs.  Of  these,  tJie  coral 
idands  are  the  most  remarkable  and  the  moat  suggestive  in 
i*eferepce  to  the  history  of  the  earth. 

Those  islands  which,  from  their  form,  mode  of  grouping, 
and  position,  seem  to  belong  to  former  or  existing  continents, 
ore  the  largest  in  dimensions,  the  most  easily  uudtrstood,  and 
the  most  familiar.  Among  them,  we  may  first  allude  to  the 
islands  of  the  Indian  Archipelcgo. 


The  Intliau  Archipelago  is  an  extensivie  ^oup  of  islnuda 
dividing  the  Iiuliau  Ocean  from  the  Pacific,  and  connecting 
Houth-easlem  Asia  with  AiiKtralia.  The  great  ilnlaj-  penin- 
sula, though  joined  to  the  umin  hmd,  is  really,  lor  thi?  jinrp'jaflg 
of  physical  geography,  a  part  of  this  gFffup  of  ]aiid.  The  vast- 
ness  of  tlie  islands  and  their  number,  the  extent  of  vef!;et:ahla 
and  fluima.1  life,  and  the  special  characteristics  of  this  land, 
deserve  sepajRte  notice,  Tbe  whole  area  of  ttie  Archipelago 
is  neaiiy  erjual  to  that  of  Europe ;  and  two  of  the  inlands. 
Borneo  and  New  Guinea,  are  the  largest  on  the  globe.  After 
ihpse  come  Sumatra  (as  large  as  Great  Britain),  and  Lut^on  and 
Celebes,  each  of  which  is  larger  than  Iceland.  There  tire 
eighteen  islauda  as  larg*?  as  Jnmaica^  more  tlrnn  a  hundred 
about  the  size  of  the  Isle  of  "VVi^bt,  and  many  thousands  smaller. 

A  long  series  of  groups  of  islands,  beginning  south  of  New 
Zealand,  and  inclmling  tile  ialanda.  known  by  that  name,  New 
Caledonifi,  the  New  Hebride::^,  and  Lhu  Solomon  islands,  con- 
nects with  New  Guinea,  and  togothar  farm  parL  of  a  great  tract, 
now  submerged,  but  not  long  ago  above  the  wavea.  It  is 
not  merely  from  the  examinaiion  of  a  globa  or  map  thflt  these 
analogies  are  recognised.  The  distribution  of  anitnala  and 
plants,  and  the  nature  of  ifhe  intervening  channels,  arfi  genQi- 
rally  found  to  agree  in  pointing  out  which  lands  are  connected 
and  which  are  disconnected  ;  hut  there  is  much  yet  to  bo 
learnt  before  the  grand  outlines  of  those  parts  of  the  earth's 
fiurfftce  that  are  ho  largely  covered  by  sea  can  be  ttaiififaciorilj 
made  cut.  Tbe  reader  is  referred  to  the  chapter  on  oceans, 
and  to  that  on  volcanoes,  for  further  indications  of  these  great 
ciullines.  Further  out  hi  the  Pacific  there  is  another  long  and 
important  chain  of  ialimd^,  almost  entirety  crowned  with  the 
habitations  and  skelsjtona  of  the  coral  aninnal.  All  these  seem 
to  belong  to  land  once  above  the  sea,  and  now  sunk  below  it. 
It  is  only  the  work  of  the  coral  animal  that  now  marks  its 
existence.  The  Caroline  Archipelago,  and  a  contlimoua  series 
of  islands  extending  to  tlie  Low  Ardiipela^'o,  are  indications  of 
Bn  irregular  line  ranging  from  north-west  to  southeast,  and 
crossing  the  equator,  orj  which,  for  several  thousand  miles,  there 
are  marks  of  uniform  and  coniinued  depression.  In  all  the 
islands  and  reefs,  and  their  number  is  utterly  incalculable, 
belonging  to  this  wide  and  extended  tmct  of  ocean,  there  is 
evidence,  from  the  nature  and  construction  of  the  ooral  with 
vhich  they  are  capped,  that  they  were  formerly  TayLc\x  EiiCii& 
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their  present  level,  and  in  many  cases  the  difference  of  level 
is  very  large  indeed.  Although,  therefore,  the  tslandg  &re  sraalf, 
ihe  pbenymena  rej^resenled  by  ibem  are  ou  the  vet-y  gracdest 

In  the  Indian  Ocean  there  is  another  series  of  island 
groups,  including  the  LaccadiveSt  the  Maldives,  and  the  Cha- 
gos  ArehipelBgo*  comiecting  ^^ith  Madagascar  by  the  Sechelle 
islands  to  the  north,  and  the  Mauritius  and  Bourbon  on  the 
south.  These  are  partly  coralline  and  dfipressed.  but  ntarer 
Jladagaacftr  they  huve  been  elevated.  They  are  parallel  to, 
and  form  part  flf,  an  island  system  connecting  Hindustan  with 
Africa.  The  main  chuin  of  the  West  India  islands  in  the 
Gulf  of  Mexico  and  the  Caribbean  Sea,  tbe  ranges  of  islands 
on  the  eastern  shores  of  North  America,  and  the  islands  on 
the  opposite  sbores  of  the  AOautic^  our  otvu  British  islands 
being  amongst  them,  are  of  tlie  same  nature.  They  are  prac- 
tically tbe  summits  of  elevated  ground,  separated  from  the 
main  land  of  Europe  by  channels  now  covered  ^rith  Tvater,  but 
forming  the  catul'nl  terminatiopa  in  each  case  of  their  respec- 
tive contineots.  Beyond  them  there  are  deep  and  sudden 
depressions,  or  cliffs,  couductiug  to  lower  terraces,  disconnected 
witli  the  contiflents. 

TbuSi  then,  these  island  groups  are  either  parts  of  present 
continfnis  or  tlie  last  remains  of  former  continents,  and  ibey 
are  important,  if  only  as  indications  of  the  former  history  of 
our  globe.  They  are  valuable,  however,  not  only  from  their 
position,  but  still  more  by  the  forms  of  life  they  expose  to  our 
view.  Thus,  while  eome  of  them  contain  nothing  more  t!inn  a 
selection  of  the  species  common  now  in  the  adjacent  Continents, 
others  are  altogether  iudependeut  in  (liia  respect.  Whatever 
may  be  the  laws  of  distribution  of  hie»  it  cannot  be  doubted 
that  so  great  a  difference  as  is  here  found  belongs  to  the 
history  of  the  globe.  Either  the  circuraatauces  have  chatJged 
to  an  enormous  estent.  or  a  very  long  time  must  have  elapsed 
since  the  former  connection  existed. 

When  we  contemplate  the  physical  featttres  of  the  earth  on 
a  large  scale,  many  matters  that,  in  a  single  instance,  might 
seem  unimportant,  become  suggestive  and  interesting,  owing 
to  their  frequent  and  syglematic  repetition.  Among  these 
may  be  named  the  general  directions  of  the  longer  and  shorter 
slopes  of  mountain  sides.  Almost  all  elevations  of  any  cbn- 
fiidetable  extent — all  true  moimtaiu  Bystems — have  one  sids 


LUVt 


steeper  than  the  other.  The  ishole  chain  of  the  A]ps  slopes 
gently  to  ^he  north  and  Mia  rapidly  to  the  south.  The  great 
Himalayan  chain  falls  by  slow  degrees  and  numerous  steps 
towards  the  frozen  sea,  but  drops  down  aloiogt  vertically 
i^arda  the  plains  of  India  and  the  vAlley  uf  the  Gacgeg. 

,d  80  in  America,  the  chain  of  the  Rooky  Mountains  and 
:at  of  the  Andes  are  exceedingly  predpitoua  towards  the 
Pacific,  but  pass  by  gentle  slopes  sad  vast  plains  towards  the 
Atlantic:.  In  other  wordg,  in  the  old  world  the  long  slopes  are 
towards  ihe  nonh  and  the  shoi-t  slopes  towarda  the  south.  In 
ihe  new  world  the  gentle  slopes  are  towtirds  the  east,  the  pre- 
cipitous slopes  towards  the  west.  It  is  also  the  case,  for  the 
most  part,  though  by  no  meaua  without  eseeption,  that  the 
highest  elevations  are  not  very  Ikr  from  the  ei^uatQr.  Thia  is 
the  more  remarkable,  aiuce  there  is  no  approach  to  an  equa- 
toiial  belt  of  laud,  still  less  of  high  laud,  nor  are  the  eulmiua- 
ling  points  in  the  two  hemispheres  within  the  same  tropic.  It 
seems  probable  that  the  chai*acter  of  the  land  is  continued 
beneath  the  ocean,  and  that  the  Pacific  and  Indian  Oceans 
are  deeper  and  more  abrupt  thou  the  Atlantic. 

The  chanicteriBtic  of  tlie  great  ma&e  of  land  in  the  old 
world  ia  rather  lofty  plains  and  mouo  tains,  than  either  low 
plains  or  Talleja,  and  this,  notwithstanding  the  fact  that  the 
traveller  may  cross  the  northern  part  of  the  old  world  from 
the  Atlantic  to  the  Pacific,  along  a  distance  of  (1,000  miles, 
without  encountering  a  hill  more  than  a  few  hundred  feet  in 
height.  Europe  is,  on  the  whole,  a  hilly  and  mountainous 
country.  Asia  contains  the  loftiest  mountain  groups  of  the 
globe  and,  also,  vast  plateaux.  Africa  has  its  lofty  mouutaina 
and  elevated  plains.  Desferts,  v*ry  little  above  the  sea  Icrel, 
accompany  the  plateaux,  but  are  small  in  compariaon. 

On  the  other  hand,  America,  notwithstanding  the  important 
and  lofty  chains  of  the  Andes  and  Hocky  Mountains,  is  really 
characterised  by  its  plaina.  The  high  lands  are  a  fringe  of 
plateaus,  and  the  gigantic  valleys,  of  which  those  of  the  Missis- 
sippi, the  Amazons,  and  the  La  Plata  are  examples,  are  low 
plains.  It  is  in  America,  also,  that  we  lind  the  largest  num- 
of  great  hrers  and  the  largest  lakes.     Mountains,  except 

the  great  cliaio  of  the  Andes,  in  Central  America  and  oa 
the  west  coaat  of  North  America,  are  Bubordiuate,  the  inipor 
tant  cultivation  and  vsgetaticn  of  the  continent  being  depen- 
dent on  the  broad,  rich,  level  traeta  that  reficU  for  tLioasBuda 
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of  miles  in  successhe  terraces,  almost  unbroken  by  hilla, 
through  a  lurge  pait  of  both  divisions  of  America. 

Australia,  also,  is  a  laud  of  plains,  but  of  UQwatered  plains. 
Unlike  the  American  land,  we  have  here  ho  sufficient  moun- 
tnjua  to  produM  gre&t  rivere,  and  the  form  of  the  country  k 
such  that  die  waters  do  not  drain  off  by  open  ^alleys  to  the 
sea.  The  great  islands  of  the  world  do  uot  ahvays  partalte 
stricdy  of  the  character  of  ihe  land  to  which  ihey  are  subordi- 
nate, and,  were  the  water  absent,  we  might  see  verj  ffreat 
modifications  in  the  general  outline  of  the  continents.  Thua, 
New  Guinea  is  a  mountainous  island ;  New  Zealand  has  its 
axis  of  very  devated  land ;  and,  geuerfllly,  each  principal 
island  of  ft  group  is  eOj  because  it  partakes  of  a  mountaiQ 
character,  rising  above  the  mean  level  as  a  mountain  peak, 
not  as  part  of  an  elevated  plateau. 

Some  such  general  sketch  of  the  present  condition  of  the 
earth's  surface,  auJ  especially  of  that  part  which  ib  now  aboi^e 
the  sea  level,  is  not  only  interesting  in  itself,  and  necessary  as 
an  introdoction  to  physical  geography,  hut  is  the  connecting 
link  between  physical  geography  and  geology.  There  has 
always  been,  among  speculative  and  imagiiiative  wrilere  on  the 
lattei  science,  an  irrepressible  desire  to  discoTer  Ehe  whole 
hiatoiy  of  tfce  earth,  and  to  trace  the  gradual  development  of 
our  globe  from  a  cloud  of  burning  gas,  or,  aa  may  still  be  the 
oondjtion  of  many  of  those  nebuloua  bodies  distributed  through 
space,  from  a  atate  of  igneous  fluidity.  This  beginning  once  as- 
sumed, it  is  supposed  that  the  mass  bas  graduaTly  cooled  down, 
till  a  thin  crust  of  oxidised  material  has  formed  on  the  surface. 
The  crust,  being  broken  up  and  re-coDstmcted,  is  thought  to 
have  originated  the  rocks  which  have  since  become  converted 
into  the  solid  massea  wa  are  all  familiar  with.  When  we 
would  generalise  upon  tlie  facts  concern  ing  the  form  of  land 
and  the  changes  it  has  undei^one,  it  seems  easier  and  more 
natural  to  aasunie  a  marvellous  actintj  add  energy  in  the 
transformations  of  former  times,  than  to  call  in  the  agency  of 
time  to  the  extent  otiierwise  needed.  This  is  illogical;  but 
allaost  every  geologist  has  given  way  to  the  temptation. 

A  rigid  and  minute  adhereace  to  the  evidence  before  us  will 
not,  however,  permit  us  to  go  far  with  these  theorists.  That 
the  whole  of  the  phenomena  of  the  earth  point  to  great  and 
continuous  change  in  every  respect  and  throughout  all  time  is 
certain,  but  they  do  not  point  to  the  begiDniiig.     Keiiher  in 
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inorganic  nor  in  oi^nic  nature  is  fhe  beginning  placed  before 
us  in  such  a  way  as  to  be  recofpiised,  nor  does  it  permit  us  to 
trace  development  in  any  other  sense  than  this,  that  every  part 
of  the  system  involves  change  continually,  that  all  changes  are 
mutual,  and  that  the  earth  and  seas  have  gradually  become 
adapted  to  more  complex  organic  structures. 

At  the  same  time  it  is  by  no  means  in  accordance  with  vhat 
we  know  of  the  form  of  land,  the  nature  of  rocks,  and  of  life,  to 
deny  that  the  advance  to  the  present  condition  of  things 
has  been  by  a  continuous  chain  of  events.  There  certainly 
could  not  have  been,  from  the  beginning,  precisely  such  a  dis- 
tribution of  land  and  mountain  as  there  is  now.  Generally 
speaking,  the  oldest  mountain  chains  do  not  seem  to  have  been 
lofty,  and  it  is  certain  that  we  cannot  now  determine  which  are 
really  the  oldest,  owing  to  the  removal  of  so  many  land  marks 
by  subsequent  action  of  air  and  water.  The  line  of  coral 
islands  now  sinking  in  the  Pacific  and  Indian  Ocean  may  once 
have  been  ^ts  of  the  back  bone  of  a  continent  stretching 
from  the  south  pole  towards  the  equator,  with  a  protuberance, 
the  counterpart  of  that  which  is  now  in  ihe  northern  and  oppo- 
site hemisphere.  The  Scandinavian  chtun,  now  low  and 
almost  lost,  may  once  hare  been  the  main  axis  of  another  con- 
tinent. On  the  other  hand,  it  is  certain  that  the  Alps,  the 
Himalayans,  and  the  Andes,  have  all  become  lofty  mountain 
chains  in  recent  times,  and  may  not  belong  to  the  early  history 
of  the  globe.  Thus,  the  limits  of  land  and  water,  and  the 
great  outlines  of  both,  are  not  fixed  or  determinate ;  they  belong 
to  one  period,  not  to  all  time  ;  and  it  is  unreasonable  to  expect 
that  they  should  carry  us  back  to  the  origin  of  all  things,  or 
give  a  clue  that  may  enable  us  to  unravel  the  mystery  of  that 
condition  of  the  globe  when  life  did  not  exist  as  it  now  exists 
in  connection  m\h  light,  air,  and  water,  and  when  the  forces 
acting  upon  the  earth's  surface  were  not  bounded  by  the  same 
Umits  of  temperature  as  those  that  are  now  recognised. 


CHAPTER   V. 


MOUNTAINS. 


MoTTNTAiss  are  among  ttie  gfondest  4nd  most  piotiiresque 
pbepomena  of  the  eai-th.  They  abo  belong  in  a  most  im- 
pDrtaiit  sense  to  its  history,  for  they  have  not  ahvaya  existed 
vshere  they  now  exist.  There  have  once  been  mountain 
chains  where  now  the  height  of  a  few  islands  above  ihe  sea  ia 
vary  Ib considerable,  and  all  the  highest  summits  of  all  the 
chains  of  the  earth  have  oace  been  buried  beneath  a  great 
thickness  of  deposits  and  a.  great  depth  of  water,  Thiaj  are 
all  results  of  elevation  on  a  grand  scale,  eLtendsog  over  a 
■wide  area,  and  continued  for  a  very  long  period.  Id  a  sense, 
though  not,  perhaps,  in  the  sense  once  nnderalood,  tbej 
govern  the  fina  of  continents,  for  their  direction  or  asis 
being  that  of  the  elevating  force,  mujit  correspond  in  a  general 
way  with  that  of  the  land  around  tkenij  and  at  their  feet. 
Thus  it  is  that  they  are  yery  pertnaueni,  and  can  hardly  he 
obliterated.  Wherever  hard  crystalline  rock,  formed  at  a 
great  depth  below  the  surface,  is  seeu  at  or  above  the  surface, 
we  maj  be  sure  that  we  hare  before  ua  the  remains  of  some 
Kncient  mountain  chain,  more  or  less  worn  a^ay  according  to 
the  time  that  has  elapsed  since  it  was  first  elevated,  and 
now  strangely  reduced!  from  the  goodly  pile  of  accuraulationa 
that  had  grown  upon  it  before  its  upheaval  commenced. 

Tiwre  pre  but  few  first-class  moiifltaLn  chains  on  the  earth. 
and  it  is  probable  that  tins  was  always  iJie  case.  The  old 
world  and  the  new,  the  east«ni  and  the  western  groups  of 
Ifind,  each  contains  its  own.  The  former  is  broken  and  in- 
terrupted, the  Ifitter  almost  continuous.  But  both  a^e  re- 
cognisable. Besides  these  there  are  few  mountain  chains  of 
considerable  magnitude,  but  the  great  chains  ore  themselves 


broken  up  mto  numberless  BmEiller  ones^  An  account  of  the 
cliief  of  these  chains  niil  enable  tbe  atuilent  to  recognise  the 
main  outlines  of  the  great  ekeletuii  frame-\vi)rk  of  tbe  globe 
The  loftiest  in  some  patts  are  not  uecessarily  the  chains  of 
greatest  interest,  or  those  which  represent  the  jfrcatest 
amount  of  eruptive  force^  nor  is  it  essenliiil  to  the  contiauft- 
tion  of  mountain  chnius  that  they  should  always  rise  abovu 
the  sen  leveL  The  structure,  form  and  features  of  the  eleva- 
tion above  the  general  BmToundinj^  levet,  is  that  which  con 
Btitutes  them  mountains  in  the  strict  sense  nf  the  term. 

In  tlie  larger  sense  tliBre  ere  odIj  two  great  mounifilQ 
systems  on  tlie  glol)e,  tbat  wliit-h  crosses  the  olcl  world  froia 
ENE.  to  WSW.,  on  a  line  ftbout  O.OOG  miles  iu  length, 
and  tbat  which  tuns  parailel  to  the  western  shores  of  the 
new  wotld  for  lO.ODO  miles  from  NNW.  to  SSE.  All  ex- 
isting chains  of  modem  date  belong  more  or  less  distinctly 
to  one  of  these  two.  Many  are  directly  and  visibly  eubor- 
dinate.  Many  others,  although  legitimate  offsets,  appear  at 
first  to  be  indepenJent.  The  African  aud  Australian  moun- 
taiBS  make  the  nearest  ajtproach  towards  independence.  Let 
OS  briefly  consider  the  geogrpphical  position  of  each  of  the 
fliffereut  subdivisions  of  the  principal  groups,  commencingf 
Mih  that  which  holds  tbe  first  place  on  tbe  continent  of 
Europe.  It  is  one  of  the  three  loftiest  parts  of  the  system  of 
the  oM  world,  and  although  the  least  elevated  of  tbe  three,  i& 
Eat  the  least  impressive. 

The  Alpine  chain  includes  the  highest  land  in  Europe.  It 
eitendd  from  France  eastwards  to  the  Balkan  for  a  distance 
of  more  than  500  miles  from  west  to  east,  Pud  a  breadth 
gradually  widening  from  80  miles  in  ita  western  to  as  much 
as  iiOO  miles  in  its  eastern  portion.  The  loftiest  part  of  the 
chain  is  near  its  narrowest  part.  The  highest  or  eliminating 
peaks  arc  nearly  adjacent,  tbouj^h  separated  by  a  deep  valley. 
They  are  Mont  Blanc  and  Monte  Rosa.  The  former  is 
estimated  at  15,784  feet,  the  latter  at  16Mi  feet.  There 
are  many  practicable  passes^  the  highest  of  which,  tbe  Adler 
Pass,  is  rJ,46l  feet.  Another,  the  Col  du  Geant,  (11.140 
feet)  crosses  near  tl^e  western  extremity  of  Mont  Blanc.  This 
portion  ia  jagged  with  numerous  peaks,  pyramids,  and  needles, 
cf  altered  rock.  There  are  in  tlie  Alps,  besides  Mont  Blano 
and  Monta  Rosa,  at  Jeast  one  hundred  detuehed  moun- 
tain peaks,  upwards  of  10,000  feet  hiyh,  all  of  wb-klo.  aia 


J 


75 


PHYSICAL    OEOGBAPOT, 


conatantly  covered  Tvith  snow.  Few  of  them  are  inaccessible, 
hut  many  are  both  difficult  and  ttangerous  of  approach.  They 
are  surrounded  by  and  burkd  in  snow.  Vast  Bheeta  of  frozen 
snow  or  glaciers  come  down  from  the  higher  valleys  into  the 
country  below,  widening  as  tliey  deateud,  and  often,  contiect- 
ing  with  others  fr&zen  streama,  just  as  the  watera  of  adjftcent 
valleys  combine  and  perform  the  rest  of  their  downward  coarse 
together* 

Athough  iaferior  in  height  to  some  of  the  great  moun- 
tain chains  of  the  earth,  the  Alps  afford  magnificent  and 
picturesque  sceoeir,  and  exhibit  all  the  most  prominent 
physical  features  of  lofty  mountains.  They  rise  in  Sivitzer- 
laud  from  a  plateau  of  only  moderate  elevation,  and  on  the 
south  side  they  shoot  up  at  once  to  the  sky  from  the  plains  of 
Lombardy.  There  is  an  extension  towards  the  south  and 
west  to  the  MeditetTanean  under  the  name  of  Maritime  Alps. 
Nothing  can  be  imagined  more  perfect  than  the  mixture  of 
the  wildest  and  most  savRge  scenery,  with  the  rich  pine  and 
other  fore&ts.  and  the  numerous  feeding  giounds  or  Alps,  from 
which  the  chain  lioa  reeeived  itg  came. 

The  higher  Alps  which  fomi  the  western  division  com- 
mence on  the  Gulf  of  Genoa  and  curve  round,  first  by  tlia 
west,  and  then  to  the  north,  as  far  as  Moot  Blnuc,  Turn- 
ing to  tlie  east  and  nonh  they  run  through  Switzeriand  and 
the  Tyrol,  terminating  in  the  Great  Glockner  (t'J,9*^t>  feet). 
The  length  of  this  line  is  upwards  of  400  miles.  All  of  it  ia 
lofty,  and  much  of  it  far  above  the  line  of  perpetual  con- 
gelation. 

To  tlie  east  of  the  Great  Glocltner  the  Alps  split  into  two 
branches,  called  respectively  the  Koric  und  the  Camic  Alps. 
The  latter  is  the  principal  group.  Passing  into  the  Julian 
Alps  it  joins  the  Balkan^  It  sepamtes  the  Tyrol  and  Upper 
Carinthia  from  tlie  Venetian  states,  and  is  much  lower  than 
the  w^estera  mountains. 

The  ividch  of  the  Alpine  chain  in  the  highest  part  is  about 
100  milea.  Further  to  the  east  it  is  wider,  gradually  in- 
creasing to  900  toiks,  and  then  again  narrowing  to  the  point 
where  it  connecta  with  the  Balkan.  At  this  point  the  elevated 
land  is  not  iBore  than  80  miies  in  width. 

There  are  few  lahes  or  pools  among  the  Alpa  themselveaj 
although  both  to  the  north  and  south  of  the  chain,  in  Switzer- 
_  and   and  northern  Italy,   the   lakes   are   among   the   moat 
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Btrifcing  characteristics  nf  the  scenery.  There  are  also  no 
table  Itiiids  or  plateaux  near  tlie  higher  Bummits.  The  higher 
mountains  seem  to  be  to  Boma  extent  detached,  but  whether 
this  he  due  to  there  being  many  centres  of  elevation,  or 
whether  it  is  the  result  of  denudation  and  natural  weathering, 
acting  in  a  eouewhat  unusual  aud  extreme  manner,  v!q  muta 
Dot  bei'e  discuss-  It  la  certain  that  tlie  Alpine  chain  conaiata 
I  of  num<:rous  mountain  masses,  often  witlj  very  little  apparent 
connection  geologically ;  but  that  these  have  a  certain  and 
intimate  relation,  and  h&ve  beeo  elevated  by  couterDporaneons 
upheavals,  there  cannot  be  a  doubt.  At  the  same  time  de&u- 
datiou  has  played  a  very  important  part  io  all  the  phenomena 
o£  Switzerland  aud  the  Tyrol,  ami  there  is  not  a  mouittaJn 
j.'eak,  a  raviue,  or  au  exposed  surface  of  rocU,  tlmt  doea  not 
speak  of  this  in  lai3gnaf*e  not  to  be  misunderstood. 

The  great  Pjreneaa  chain,  attaining  in  Mount  Maledetta  to 
the  considei'abla  elevation  of  1U08  feet,  extends  from  tho 
Mediterrauenu  Sea  to  the  Pay  of  Biscsiy,  ond  forms  a  natural 
harrier  and  ticutral  ground  between  France  and  Spain.  It  is 
disconnected  from  the  Alp3  by  the  plains  of  Langueiioc.  The 
chain  rises  abruptly  from  the  Mediterranean,  but  only  to  a 
moderate  height.  Tlie  higher  mountaing  soon  succeed,  and 
there  ia  no  low  pass  across  the  vrhole  range.  The  principal 
Bommit  is  a  wavy  line,  whose  meaa  altitude  is  7,000  feet,  but 
this  ia  broken  mto  a  vast  numbyr  yf  peaks,  upwards  of  tweaty 
O'f  vrhjch  riye  more  than  3,000  feet  above  this  av^mf^e.  The 
greatest  breadth  of  the  chain  is  about  fiO  miles,  and  the  length 
is  370  miles.  On  the  French  aide  it  is  steep,  rugged,  and 
serrated,  the  peaks  ascending  by  successive  terraces.  On  the 
Spanish  eide  giganiic  sloping  tpura  separated  by  deep  pre 
cipitouB  valleys  extend  as  far  as  the  valley  of  tha  Ebro,  but 
the  depression  on  the  Spanish  side  is  much  less  than  the  rise 
on  the  French. 

The  range  of  the  Fyreneea  consists  of  two  parts,  having  the 
same  general  direction.  The  two  divisions  form  an  angle 
with  each  other  near  tlie  head  of  the:  Garonne,  the  eaatem 
portion  advancing  slightly  towards  the  nortli.  On  each  aide 
of  iJie  principal  ridge  most  of  the  valleys  are  transverse,  and 
some  of  Ihera  of  considurable  length.  They  are  much  closed 
ia,  and  some  of  them  ahuund  with  h^t  latneral  springs. 

The  position  of  the  line  of  perpfitual  congelation  in  the 
yrenees  ia  somewhat  doubtful.     On  the  northern  side,  it  hM 
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been  Btafced  at  a  little  more  than  9,200  feet,  an(|  on  tlie 
Bontheni  at  8,3U0-  Gluctera  ai^e  frequent  in  tlie  \1icinit7  of 
tlie  loftier  peaks,  but  they  do  not  oa;upy  the  deep  gof^es  as 
in  the  Alps,  and  they  hare  not  left  such  marked  records  ot 
their  former  extension. 

The  P^vrenees  maj  be  regarded  as  the  westem  extremity  of 
the  great  central  moantain  district,  of  which  the  Alps  eilubit 
the  loftiest  eleTations.  They  coiresipond  in  this  respect  to 
the  Carpftthiaus.  the  continuation  of  the  Alps  towards  the  east 
and  north,  and  bounding  to  the  soutb-i^est  the  vast  plain  of 
Bortheim  Europft.  The  Pyrenees,  however,  extend  westward 
beyond  the  extremity  of  Frflnce,  and  form  the  northern  houn- 
dafy  line  of  the  Iberian  peninsula.  In  this  part  tbey  are  not 
so  lofty  as  in  the  e^istem  part. 

The  Carpathian  mountains  commence  at  Presburg,  in  Hun- 
gary, and  extend  at  first  NNE,  for  about  100  miles,  in  a 
range  about  ^tUOO  feet  above  the  &ea,  rieing  with  sharp  accli- 
Tities  aind  covered  with  forest. 

From  this  point  the  range  turns  east  fiod  eontiimefl  iti  that 
direction  for  nearly  '^00  miles.  This  portion  is  broader  than 
the  others,  extending  far  30  miles  or  more,  wherens  the  western 
part  does  not  average  more  than  16  railea.  The  summits  are 
aUo  much  loftier  and  include  the  most  elevated  peak  of  the 
whole  chain-  The  highest  of  these  belong  to  the  Mount 
Tutra,  an  enormous  mass  of  foclc  extending  from  west  to  east 
for  about  SO  miles,  and  nearly  3f>  miles  ia  the  broadest  part, 
from  north  to  south.  The  average  elevation  of  this  masa  13 
estimated  at  T.OOO  feet,  but  several  peaks  rise  from  it  above 
the  iiuB  of  perpetual  congelation,  the  loftiest  of  them  (Ruska 
Poyano)  being  estimated  nt  9,0 1  !i  feet  above  the  sea.  As 
many  as  tsvelve  other  peaks  also  rise  to  the  height  of  8,000 
feet  ur  more,  and  on  one  of  tliem  is  a  small  glacier.  Thifl 
smgubir  mountdn  masa  ia  separated  frona  the  re$t  of  the  Car- 
pathian chain  by  valleys  little  more  than  3,000  feet  above  the 
sea,  and  therefore  nearly  7,000  feet  below  the  Mount  Tatra. 

East  of  the  Tatra  the  Garpnthiana  turn  towards  the  south 
and  form  a  vetj  extensive  and  broken  mountain  disti'ict  be- 
tween the  valleys  of  the  Danube  and  the  Dneisber.  Towards 
the  Tvest  the  higher  peaks  rise  to  6,500  feet,  but  farther  south 
and  east  they  are  much  less  important.  The  Transylvsniau 
tnouutains  form  the  eastern  continuation  of  the  Carpatbians, 
pd  stretch  away  towards  the  swamps  at  the  mouth  of  the 


The  continuation  of  the  Alps  on  the  right  bsnlt  of  tiie 
Danube  is  by  the  mountaiaa  of  Dalmatia  and  the  BiLlkon 
chain ; — the  former  are  sometimes  called  the  Dinaric  Alps, 
Bod  form  a  spur  of  the  main  chain,  reaching  in  Mount  Dinarn 
to  the  height  of  5.GT0  feet,  and  formiog  a  deeply-iodeDteil  and 
desolate  tract  nearly  parallel  witli  the  Ap&nniiie  chain. 

The  true  Balkan  range  extends  from  the  Adriatic  to  the 
Black  Sea,  In  latitude  4'^° — 43**  js.  The  mountains  increase 
in  height  toT^ardg  Uie  leaat,  but  tlescend  again  to  the  Biack 
Bea.  The  Ts^har  Dagb^  the  highest  peak,  is  estimated  at 
nearly  10,000  feet  above  the  sea,  and  the  whole  mouiitnin 
syatem  is^  distinguished  by  craggy  Bummits  and  ste^p  sides, 
llany  parts  of  the  range  are  little  known,  as  travening  is  every- 
where difficttlt,  and  the  country  is  often  impassable.  The 
higher  portion  ia  only  tmvarsed  by  one  road,  passable  by  mules 
and  asses. 

The  Balkan  Is  connected  with  the  CaTpathiana  by  low  hut 
distinct  ridges,  which,  where  the  Banabe  crosses  them,  shut 
in  and  interrupt  the  passnge  of  that  river,  forming  the  well- 
known  gorge  of  the  Iron  Gate. 

Three  continuous  chains  branch  off  from  the  sotithem  ridges 
of  the  Balkan,  the  most  easterly  running  down  to  Constanti- 
nople, forming  a  rocky  though  not  elevated  ridge,  ditficuU  to 
traverse.  The  middlle  spur  rnna  for  aome  distance  south-east, 
parallel  to  the  former,  imt  afterwards  tuma  east  and  meets  it- 
The  third,  or  most  westerly,  runs  through  Albania  into  Greece, 
terminating  at  Cape  Colonna  and  forming  the  Pindos  chain. 
The  latter  is  the  most  important,  and  includes  a  district  the 
moat  mountainous  in  Europe. 

The  highest  mountain  in  Greece  is  Mount  Gnioma,  an  east- 
em  offset  of  the  PJEdus  chain.  It  has  been  estimated  at 
about  8,000  feet  above  the  aea, 

The  Apennines  form  a  chain  of  considerable  importauee, 
thougli  subordinate  to  the  great  European  mountain  system. 
Divei^ng  originally  from  the  Alps,  they  run  in  a  aouth-essberly 
direction  entirely  through  Italy  for  a  distance  of  050  miles, 
from  the  Maritime  Alps  totbeextremityof  tkeGuIf  of  Tarento, 
at  Cape  Leuca.  There  is  a  divergent  but  considerable  ex- 
lensioti  of  the  chah],  eomraendng  south  of  Naples  and  run- 
ning ftcrosB  the  Straits  of  Mesaina  to  Sicily.  The  general 
cbarariter  of  these  mountains  is  that  of  a  subsidiary  range,-^ 
they  neither  present  the  vertical  needles  of  lbs  Alps^  the 
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ahftTp  peaks  of  the  Pyreneea,  nor  even  the  long  rocky  cllffa 
and  escarpments  of  the  Jura ;  their  forms  are  smooth,  roanded, 
atud  wavy,  and  bare  rocks  are  rarely  seaa  except  in  the  highest 
parts.  The  laaoiit  elevated  point  is  oearly  in  the  centre  of  the 
chain,  a  little  eastward  of  Aquila,  where  Monte  Cormo  rises 
to  the  height  of  ©,6^3  feet. 

The  Scandinavian  peninsula  includes  a  very  interesting 
chain,  extending  through  Norway  and  Sweden  £iom  north-east 
to  south-west,  in  a  dirBction  which,  if  continued,  would  pass 
through  the  main  chain  of  the  British  islands,  and  which, 
being  also  nearly  parallel  with  the  Ural  chain,  is  transveres 
to  the  main  direction  of  the  Alpe.  This  chain  includes  whftt 
)g  now  called  the  Norrska  Fjellen  (Norweginu  range)  and  the 
Ejdlen,  aud  extends  from  the  south  extremity  of  Norway  aa 
far  as  North  Cajje,  running  thus  through  thirteen  degrees  of 
latitude  or  a  distance  of  more  than  900  miles.  The  eouth- 
em  portion  (Norrska  Ijellen)  occupies  360  miles  of  this,  and 
is  hy  much  the  most  considerable,  both  in  width  and  elevation, 
inclndjng  more  than  three-fourths  of  the  southern  part  of 
Norway. 

The  ground  in  this  southern  part  of  the  range  rises  fixim 
the  sea  with  a  steep  ascent  to  about  300  feet.  It  attains  an 
elevation  of  1,000  feetin  about  20  miles.  Further  north,  the 
ground  rises  to  2,000  feet;  and  then  at  Bygle  Pjeld  the  true 
mouutaiji  inasg  may  be  said  to  commence,  rising  to  4,500  feet» 
and  retaining  that  altitude  for  more  than  100  roiles  ag  an 
elevated  mountain  plateau.  Out  of  this  project  the  loftier 
peaia,  reaching  an  elevation  of  8,103  feet  in  Suae  Hatten, 
a  part  of  the  great  moutitaia  called  Dovre  Fjeld,  There  is 
a.  vast  number  of  other  considerable  elevations,  and  many 
hundrad  sq^uare  railes  of  perpetual  snow  aud  ice. 

Beyond  the  Dovre  Pjeld  the  mountains  called  Kjolen  com- 
mence, and  form  a  continuous  ridge  to  the  north-east,  having 
a  breadth  of  about  ^5  miles,  rarely  rising  into  elevated  peaks, 
but  exhibiting  at  intervals  isolated  summits  covered  with 
snow.  The  eastern  dec!ivity  is  not  very  rapid,  but  the 
western  is  exceedingly  steep  and  broken,  descending  upwards 
of  4,000  feet  to  the  sea  in  a  distance  of  10  or  l!^  mOea. 
Further  north  the  motintaina  increasa  in  altitude,  and  occupy 
a  greater  breadth,  the  aummits"  reaching  upwards  of  G.OOO 
feet  within  the  polar  circle,  where  the  snow  line  on  the 
westei-n  decHvifj  is  as  low   aa    3,800   feet.     Beyond    f>6« 


N,  latitude  the  ground  sinks  occadonallf  below  the  suow 
liue,  but  presents  at  intervaJa  many  elevations  varying  in 
aniount,  though  gradually  lovvering  till  they  aro  lost  in  the 
sea,  and  ouly  appearinj*  at  iiitervah  in  ielflnds  beyond  tha 
northern  esti'cmity  of  Uie  main  land^  On  the  whole  nearly 
4,000  squai'e  miles  of  this  mountain  syeiem  are  above  the 
limits  of  perpetual  snow.  The  other  inotmlaiii  systems  of 
Europe  tire  of  inconsiderable  allilinJe,  and  only  loctil  im- 
porlajice.  Tho  most  interesting  aro  the  mountuius  of  the 
Brili&h  islands,  includinrj  (?/)  the  Scolch  group  rising  io.  Bea 
Cruaciien  Im  neflily  5,(HJU  feet,  and  Hen  Nevia  {4,40fi  feet); 
(ft)  that  of  Wales,  of  which  Snowdon  (3,590  feet)  is  tho  cul- 
minating point :  and  (c)  that  of  IrolauJ,  \^'here  tiio  loftiest 
summit,  Curraa  Tuhol,  is  3^40:5  feet. 

It  is  proliaLiIe  that  these  mountain  Bysteaa^  are  connected 
with  the  great  Scandinavian,  system,  with  which,  as  we  huve 
ohaevved,  they  are  parallel. 

In  addition  to  these  the  mountain  districts  of  the  south  aud 
east  of  France  (the  Cevennes  and  the  Vosges)  and  of  centra!  Ger- 
mauy  |tbe  Fi{:hielgebirge.  the  Hartz*  the  Erzgebirge,  the  Bijh- 
nicrwald,  Ac)  are  of  local  interest  and  impottance,  but  must  be 
regarded  as  outlying  poitions  of  the  great  moimtain  range. 

The  Iberian  peninsula  ja  remarkable  as  containing  Bevera! 
outlying  mouctaJn  masse*  rising  out  of  lofty  j;Iateau.i,  The 
Sierra  Nevada  is  the  loftiest  of  these.  It  i:^  a  small  and 
narrow  mounUiu  mass,  but  rises  in  Muley  Haceu  to  the 
eitreme  elevation  of  1 1,6C4  feet.  There  is  another  peak  not 
mucb  less  lofty,  and  the  Sierra  is  continued  along  the  south 
oo0St  of  Spain  to  Gihraltar.  The  Sierra  Morena,  niuih  leas 
lofty,  has  its  axis  parallel  to  tlbat  of  the  Sierra  Nevada,  and  is 
some  distance  to  the  norlh.  The  Sierras  called  Estrella, 
Goadarsma,  and  Cueuca,  lie  between  the  Siecra  Nevada  and 
the  Pyrecean  chain. 

passing  now  once  more  to  tlie  east,  beyond  the  Carpathians 
and  the  Balkan,  and  traceable  only  at  intervals,  we  come  to 
high  Euountain  laud  on  tlie  south  of  ibe  Crimea.  The  same 
cltain  ia  continued  across  from  the  Black  Sea  to  the  Caspian 
by  the  Caucaeiaa  ebain.  Towards  tlie  north  we  havo  tho  Ural 
moontains,  whieh  braneh  at  a  right  angle  from  the  mountain 
tiis  of  the  old  world,  Tiio  Ural  is  &  narrow  murul  rauge, 
whose  greatest  altitude  does  not  exceed  6,800  feet.  It  hardly 
any\sherc  oflfurs  tho  usual  characteristics  of  m.ouataiti  systems. 
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It  presents,  however,  steep  ascents,  precipices,  and  tTaus- 
veras  gorges.  The  tract  is  tu  a  great  t;st:.iit  iuaeceasible,  es 
it  is  covered  \tith  vast  aud  impenetrable  forests  hllJ  deep 
morasses. 

The  Urala  range  in  all  for  1,550  miles.  The  southern 
portion  reaches  to  about  fAb°  30'  N.  laLilude,  ami  consists 
chiefly  of  the  table  lanJ  of  Sakmara,  termiuadng  in  the 
ItenJik  range  and  theUnil-Tau.  The  f.reuti'ai  poition  scarcely 
'  tshibita  flujthlngTiiore  than  a  wide  awelUug  ridge,  and  reacbOj 
to  58'^  N.  latitude.  The  nortiieru  Ural  is  more  eon^jiderable, 
jagf,'ed  mountain  peaks  rising  to  the  height  of  from  5,000  to 
7,000  feet  above  the  sea,  and  presenting  bare  rocks  and  \ery 
extensive  swampa. 

The  Uial  is  iBore  precipitous,  or  at  least  slopes  leas 
gradually  on  the  eastern  than  on  the  western  side,  and  the 
noitherii  portiou  is  scarcely  covered.  Theae  mountains  are 
throughout  remarlLabla  for  their  rk-h  deposits  of  gold  and 
malachite  (gi-een  carbonate  of  copper). 

The  last  of  the  Enrnpean  mountain  systems  which  require 
notice  here  is  the  Caucasus,  and  separathig  Europe  fi-um  Asia. 
1 1  extends  between  the  Bluck  aiid  Caspian  Seas.  This 
t:hain  is  parallel^  or  nearly  8o,  to  the  Antitaurus  and  Taurus 
ranges,  and  forins  with  them  an  important  link,  which  cou' 
neets  the  mouatain  system  of  the  Alps  with  that  of  Ceutral 
Asia,  The  Amitaurus  on  the  north  and  the  Taurus  chain 
on  the  south  intervene  between  the  Caspian  aud  Black  Seas 
aud  tho  MeditertiueMi. 

The  Caucasus  ranges  from  WNW.  to  ESE.  for  a  distance 
of  about  700  miles,  having  a  width  which  varies  between  60 
and  ISO  miles.  Some  of  the  detached  peaks  rise  lo  even 
more  than  Alpine  elevations,  the  highest  summit  (Eibnra) 
being  estimated  at  17,800  feet,  and  many  peaks  rising  fai' 
aliovtj  tlie  snow  line,  which  isht^re  between  10,000  and  11,000 
feet.  EesiJes  the  main  chain,  which  is  sometimes  obscurely 
indicated,  there  are  numerous  offsets  contaiuiug  mountains  of 
great  height,  while  tlie  loftiest  of  all  the  mountaiia  peaks  is  a 
detached  and  isolated  rocky  mass. 

It  has  already  beeu  stated  tliat  the  Taurus  aod  Anti- 
taurus chnius  complete  the  link  which,  with  th<3  Caucasus, 
connects  the  two  great  mouutniu  systems  of  Europe  and  Asia. 
These  chains  (the  Taurus  and  Antitaurus)  both  commence 
in  the  east  at   or  near  a  Tery  lofty  mountain  in  Aiinenia 
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(Mount  Argsus),  wUi(!li,  being  covered  by  perpetual  snow-, 
iiiiist  Iiave  iui  flliJLuJe  of  upwarda  of  iy,^'i!0  feet.  The 
southern  thaia  (the  Taurus  proper)  fiwt  prqceeils  iu  a  southerly 
direction  near  the  coast  of  X-yciti,  and  then  westwards,  to  the 
hurderd  of  the  Meiliterrsnean,  where  it  seems  to  run  out 
under  the  level  of  that  sea,  showing  itaelf  ouce  more  as  ii 
detached  cliaiu  lu  the  eloni^ated  islund  of  Crete.  The  Ami- 
taurns  flanks  the  tablo  laud  of  Asia  ^tJuor  on  the  nurtk  side, 
aud  CDuneots  il^elf  towards  the  west  with  the  Balkan. 

Advancing  atiil  towards  tha  east  we  now  pass  to  the  cou- 
'wdeititioii  of  the  high  mountain  huid  of  Persia.  Cauhiil,  and 
TJeloochistttn  ;  the  converging  point  of  this  tract  is  Icdotvh  aa 
the  Hindu-Ivoosh,  but  13  Bometimes  called  the  Indian  Caucasus. 
It  ia  a  kind  of  mouatain  isthmus  uniting  the  Tijgt  and  com- 
plicated  chains  of  the  great  Asiatic  plateaus  to  the  loi'lj  and 
important  ranges  dreaiiy  described, 

Tiie  tlinduKoash  consists  of  several  ranges,  some  of  them 
exceedingly  lofty,  and  expanding  to  the  east  towards  tha  Hiuia- 
layan  chain,  but  converging  towards  the  west.  The  mountains 
enclose  many  long  convergent  valleys.  They  successively  over- 
top each  other,  and  the  loftiest  exhibits  its  anowy  summJta  at 
ft  distance  of  150  milea.  One  of  these  summits  rises  to 
M0,593feBt. 

kf  The  Himakyan  chsin  is  the  southernmoat  and  best  known 
of  the  three  great  mouutain  niDges  that  rise  out  of  the  plains 
of  Central  Asia.  It  extends  from  the  Gulf  of  Tonquiii  to 
Cabuliatan,  a  distance  of  nearly  '^,8U0  milesin  end  may  Ijo  con- 
tnJeutly  divided  into  three  regions,  all  chanicterised  by  veiy 
cousidel'ablfe  elevations^  but  the  central  rising  into  the  highest 
luOQutains  on  the  gh>be.  Of  these  regions  the  enalern,  lu 
■which  is  Assam,  liaa  beGti  the  least  visited,  but  it  ia  known  to 
contain  many  hi^di  summits,  odq  of  which  has  been  estimated 
at  25,000  feet. 

The  great  central  range  of  the  Himalayas  extends  from  the 
valley  of  the  Sntlej  (lonjg.  77*^  E.)  to  Bootan,  in  long.  SS°,  for 
a  distance  of  about  600  miles,  and  it  is  about  100  oiilea  across. 
It  uppears  to  consist  of  mountain  masses,  nut  in  parallel  ridges, 
but  protruding  almost  irregularly  from  the  centjai  niiif,'e,  and 
containing  hetween  them  transverse  valleys,  fiu  narrow  us  to  be 
almost  ravioea.  A  vast  and  uimnmbered  multitude  of  very 
loftypealvs  nso  more  than  1^,000  feetaibove  the  aea,  and  soiMi? 
of  theui  allaiiuiie  heiyhtof^id, 01)0  feet.    TUe\  naiimVVssxaiviV 
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simgular  confusion.  A  great  part  of  this  lofty  tract  is  alnrays' 
covered  with  snow,  and  the  intervening  vullevs  are  scarcely 
lar^e  enough  to  affect  the  striking  features  of  the  district. 
SoQie  of  them,  hovvevep,  are  so  far  oiL-essible  that  roads  reach 
by  their  means  to  the  lower  shoulders  of  the  luountJtinB,  iand 
there  are  several  lofty  mouutain  passes  leading  ac:ro53  the 
chain.  The  glatiers  in  aoma  of  these  TaHejs  are  on  an.  es- 
ceedioglj  grand  scale. 

Although  the  central  asis  of  the  Himalayan  chain  is  massive 
and  irregular  in  its  character,  the  general  structure  of  the 
mouulaia  system  is  simple.  Proceeding  jiorthwjirda  from  the 
plains  of  HindostiUij  there  is  firat  a  tract  from  10  to  30  miles 
Tvide  and  1,OOQ  feet  above  the  sea,  and  this  is  succeeded  by 
rocky  ridgea  5,0D0  and  13,000  feet  high,  between  which  and  the 
higher  ranges  the  country  is  inconceivably  fertile.  Beyond 
these  rise  mountains  of  from  10,000  to  30,000,  flanliing  I  he 
priKcipal  rang^  ;  and  Inatly  the  vast  central  mass  appears,  pro- 
jecting  its  lofty  and  suow-covered  peaks  towards  the  sky. 

The  meau  height  of  this  principal  range  cannut  be  estimated 
at  less  than  16.000  feet,  &nd  ia  perhaps  much  more.  Near 
the  sonrceg  of  the  Sutlej  there  arc  fxty  pealvii,  ^iich  higher 
than  the  higheaC  peak  of  the  Andes,  and  this  part  of  the  chain 
is  so  rugged  that  there  is  said  to  be  hardly  one  spot  in  wliich 
a  hundred  acrea  of  level  ground  exist  between  the  valley  of 
Nepflul  atid  the  Tai-tar  froutier. 

The  line  of  perpetual  congelation  on  the  Himalayas  has  been 
found  to  be  much  higher  on  the  northern  than  on  the  southern 
side,  reaching  in  the  former  to  lOtGOO  feet,  while  in  the  latter 
it  stands  at  12,^00  feet.  It  is  not  easy  to  acBouut  satisfac- 
torily for  this  remarkable  fact. 

The  Himalayans  towards  the  west  converge  towards  the 
Hindu  Koosh.  Near  this  point  the  range  turns  northwards, 
but  continues  to  present  very  lofty  elevations.  The  vallev  of 
Kashmeer  (Cashmere),  so  well  known,  and  described  in  such 
glowing  colours  by  those  who  have  visited  it  after  wandering 
through  the  bleak  country  to  the  north  and  west,  presents  n 
hollow  depression  of  great  oxtcntj  rarely  ruffled  even  by  a 
passing  breeze.  Its  beanties  would  seem  to  hare  been  &ome- 
K      what  exQggeiuted. 

^m  The  Altai,  as  a  mountain  system,  extends  from  the  silver 

^H     minea  of  ths  Snal^e  mountains,  and  the  confluence  of  the 
^K    ULia  and  the  Iitysch,  to  the  meridian  of  Lake  Baikal.    There 
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is  a  nominal  but  no  real  division  into  Great  flud  Little  Altai, 
but  the  eyslem  includes  (1)  the  Altai  jiroper,  west  of  the 
TeleKtii  L«ke.  and  1;^)  tbe  east  and  west  chains,  parallel  with 
each  other,  aod  containing  lhe  culnjiniitiug  poiut  of  the  whole, 
which,  is  ahout  the  height  of  Mount  Etna- 

These  mountains  are  not  conneclec]  with  ths  Ural,  there 
being  nu  intervtiniufT  space  of  400  miles,  occupied  hj  low, 
inarsiijr  country.  There  are  other  wide  iiilervais,  thruughout 
which  the  moiuitain  chain  is  recognised  only  at  distant  inter- 
vals, From  the  banka  of  the  river  Iftysch,  the  inaiu  chain  of 
these  mriuntains  extends  in  a  serpentine  line  to  ihe  Pacific  at 
tlie  Sea  of  Ukhot^k,  a  distance  of  nearly  2,500  miles,  and  is 
then  continued  for  another  J, 000  miles  by  the  Ahlaa  range, 
which  is  a  northerly  brani^h  of  the  main  chain. 

It  is  probable  that  there  \a  also  a  south  branch  of  the  chain 
ninuiug  far  into  China,  but  the  jealousy  of  the  Goveminent 
of  that  country  has  hitherto  prevented  European  travelkrai 
from  deteroiiniug  the  poiut. 

This  lon^  and  important  range  of  mountaio  country  is, 
throughout  most  parts  of  its  course,  extremely  brocd,  contrflCt- 
iDg  to  its  narrower  limits  (150  miles)  near  lhe  desert  of  Gobi, 
but  expanding  in  some  places  to  as  much  as  IJIOO  miles. 
Althoufih,  however,  extremely  important  in  reapKct  to  the 
other  physical  characteristics  of  Central  Asia,  these  moimtaina 
are  by  no  means  remarliable  for  thtir  height,  a  great  part  of 
the  chain,  aa  far  as  the  8tith  meridian,  cunsisting  only  of  a 
Succession  of  terraces^  with  swelling  outline.  To  the  eftst,  this 
hitherto  low  rid^e  expands  and  splits  into  three  branches, 
rising  near  Baikal  into  considerable  but  not  lofty  elevations, 
capped  with  snow. 

The  mean  height  of  the  first  and  most  western  part  of  the 
Altai  chain  is  about  5,000  feet  ahoi'e  the  aea.  and  the  loftiest 
gummits  (between  the  parall«ls  of  50°  and  51°)  reach  a  height 
of  Etearly  10,000  feet.  But  although  the  elevation  is  not 
ineonsiderable.  the^  configuration  ia  very  peculiar,  the  moun- 
tains being  truncated  or  terminated  at  their  summits.  Th^y 
are  in  fact  hide  more  than  level  plains  of  consideiuble  estent, 
with  numerous  deep  hssures.  They  do  not  consist  of  a  series 
of  irregular  peaks. 

The  continuation  of  ths  Altai,  eastwarJg,  is  chiefly  by  a 
mountain  ran^'O,  irrtgular  in  the  form  of  the  summits  but 
lofty,  and  covered  with  suow.     Little  is  known.  \Nil!,\  M.ii\xw£^, 
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liej"Dnd  the  fact  of  \he  extf-nsion  of  ibe  cbain.  Tbe  great 
inlLrmedbte  chain  of  the  Thian-Schan  extends  for  l,4W0  railea 
from  west  to  east,  being  in  some  places  1 1>0  miles  in  brtftdtb, 
and  rising  MeasionaHj  above  tbe  snow-line.  The  higher  or 
central  porlion  of  the  range  appears  to  be  about  iO  miles  in 
■width,  and  a  Ttry  large  spai:"e  to  a  considerable  idistantie  irom 
the  summit  seems  occupied  by  gijow  aiuJ  ice.  Tuwiirda  its 
easteiD  tennipatioti  it  is  less  known,  pud  at  sbout  the  95th 
menrlian  it  suddenly  tfrrainates.  The  whole  cliain  is  nearly 
eight  times  qs  long,  fmm  east  to  west,  as  tbe  Pyrenees.  It 
i>  a  volcmiic  range,  and  is  loJlr  enough  to  admit  of  glaciers. 
The  ncLive  vuleanoea  are  1,500  miles  distant  from  ihe  icy  sea 
m  the  north,  nhout  the  snme  distfini-e  from  the  mouths  ot'  the 
Indus  and  Gauges  to  the  south,  1,360  miles  from  the  Caspian, 
and  1.000  miles  from  the  sea  of  Aral.  In  its  eastern  esten- 
sion  the  range  gives  place  to  tlie  plains  of  Gobi,  which  continue 
for  9^°  of  lonfptude,  but  the  mountains  re-commence  on  the 
othor  side,  and  continue  almoBt  to  the  shores  cf  the  Pacific, 
in  the  somewhat  more  southerly  chain,  the  In  schan.  The 
heights  of  the  Thian-scban  do  not  Bceci  to  have  been  j*t 
ascertained  by  direct  measurement. 

The  mouutHin  system  i^f  the  Kuen-lln,  bmniLhiug  from  tbe 
Hindu-Koosh,  runs  very  regularly  to  the  east  in  the  parallel 
of  30^  K,  latitude,  reaching  comjdetely  across  Asia.  It  h 
ToJcaiiic  in  many  parts,  und  attains  in  some  places  the  height 
of  tiO.nilO  feet. 

Beyond  tbe  eastern  extremity  of  the  great  Himalayan  range 
re  is  a  CDnsiderable  tract  of  country  iu  China  whose  phy- 
iii*al  geDgra]<hy  is  little  known,  but  which  Bppeai"s  to  eshibit  a 
greatly  complicftted  group  of  momitnin  chains.  The  njoun- 
tnins  rise  in  some  places  to  a  great  altitude  (those  of  Pet&ha 
being  estimated  at  ]5,0[|0  feel)  Tthile  a  serrated  ridge  runs 
uortliwanl  and  joins  a  branch  of  the  Altai  near  the  55th 
parallel  of  north  latitude. 

The  Bubordinfite  mountain  ranges  of  Asia  are  numerons 
nnd  considerable,  but  not  sufficiently  important  to  demund 
here  any  lengthened  description-  It  will  only  be  necessary 
to  ftlluds  Tery  briitfly  to  those  of  the  three  great  promontories 
of  Arahifl,  Hindustan,  and  Birmah.  There  are  distinct  chains 
in  some  of  the  liilflnds  of  the  Indian  Arcbipelflgo,  but  they  do 
ii&t  seem  to  connect  themselves  with  the  mountain  asia  of  the 
old  world. 


J 


iioraTATv'g. 


67 


ArnLia  consists  of  *a  table  land  eiK'losed  nearly  on  all  sides 

ridges  of  nil  remarkalle  elevation  :  these  eeem  to  form  low 
ouutaiu  chains,  and  tlie  [irincipal  of  tbem  extends  from 

-huct  Siuai,  on  ibe  H*d  Sea,  doiig  tLe  shores  of  tlie  Medi- 
terraufan,  across  the  Taurus  mnge  to  the  Black  Sea.  The 
altitudes  of  tbo  two  bij^liest  peaks  in  ibis  range  are  IS, 503  feet, 
and  T.40S  feet  resijectively,  and  the  rauan  altitude  of  the 
iflountains  ran;^ing  round  the  peninsula  is  between  1,000  and 
fj.COd  feet.  The  Arabian  Mountains  connect  with  the  lofty 
group  of  Abyssinia  and  the  north-east  of  Africa. 

Hindustan  {"ontnins  two  principal  chains,  the  Vhidhya 
IMo«nty.iiiis  pTi  the  north  of  the  Deccan,  whose  mean  height  Ih 
about  3,non  feet,  anil  the  western  Ghats,  which  average  be- 
tween 3,000  and  4. 000  feet.  The  highest  summits  of  this 
latter  raiij^e  attain  an  elevation  of  as  much  as  8,000  feet.  The 
Tii^ats  run  eveiy where  close  to  the  coast  of  India,  and  the 
Vindhya  range  crosses  the  upper  part  of  the  protnoutorj  in 
an  EKE.  direction. 

The  slagfiilar  tnanguljir  saass  of  irregular  land*  including 
the  liirman  Empii*e,  Siam,  Cochin  China,  and  Malacca,  con- 
tains mountain  i^haiuB  which  appear  to  be  transverse  spurs  of 
the  great  Hiiualayan  chain,  and  which  enclose  taljle  lands. 
In  ihe  western  part  of  the  promontory  the  Aracan  Jlountains 
at  first  form  a  lidge  of  rochy  ele^'atlons  of  nioJerute  height, 
rising  in  latitude  '21°  21'  N.  to  as  much  as  0.(100  feet  above 
the  sea,  while  similar  high  mountain  ranges  elope  graduftlly 
on  the  east  side,  haiing  a.  much  sharper  incline  on  the  west. 
These  extend  for  some  distance,  and  occupy  the  central  pare 
if  the  country,  while  long  spurs  project  into  the  Malay  peuin- 
lula,  occupying  ■with  their  ofTdtts  the  whole  country  from  one 
eea  to  the  other,  aud  attaining  an  elevation  of  about  3,000 
feet.  These  same  mountains  are  continued  thrauj4;h  Siam, 
where  they  have  an  elevation  of  from  5,noo  to  6,000  feet,  and 
are  very  rugged  and  bold.  They  are  sujiposed  to  branch  from 
some  of  the  lofty  and  snow-cuvercd  ptaUs  surrounding  the 
(able  land  of  the  Chinese  pravincc  of  Yunnun. 

The  mountain  Kystem^  of  Africa  are  still  imperfectly  known, 

ihongh  mtich  information  has  been  obtained  concerning  them 

of  late  years.      Thty  include  f  I )  a  high  range  on  the  east  coast, 

.culmmaLtng  in  ths  north-eaat  eitfetuity  of  the  continent^  and 
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connecting  the  Abyssinian  group  with  the  Arabian  aygtem. 
(•i)  A  correspondiBg  chain  on  the  west  coast,  culminating 
uear  the  equator,  and  supposed  to  extend  thence  into  the 
interior.  (3)  The  Atlas  chain  fringing  the  shores  of  the  Medi- 
terraneau^  and  forming  tlie  southern  part  of  the  w&&teni  division 
of  the  great  chain  crossing  the  eastern  continent.  (4)  The 
South  African  rauge  on  the  eastern  side  of  the  continent. 
(&)  An  important  insular  range  in  Madagascar. 

The  Atlas  moaEtain  ayslem  is  almost  European.  Ita 
niiain  asia  is  an  irresulBT  line,  whose  pHncipal  directioo  is 
WSW.  and  ENE.  This  line  reaches  from  Cape  Geer,  on 
the  Atlantic,  to  the  coast  a  little  north  of  Tunis.  There  13 
an  imperfect  division  of  this  part  of  the  chain  into  Greater 
and  Lesser  Atks,  hut  the  whole  is  really  a  succession  of 
crests,  forming  the  division  between  the  waters  doling  into 
the  Mediterranean,  and  those  which  flow  towards  and  beneaik 
the  Sahara.  The  strike  of  the  eastern  or  Mauritaiiian  portion 
is  E.  and  W<,  and  the  elevated  Atlas  of  jVlamcco  NE.  and 
SW,  There  are  among  the  mountains  some  of  considerable 
elevation.  The  loftiest  is  estimated  to  attain  to  ll,JUO  feet. 
The  general  character  of  the  chain  is  rather  that  of  elevated  ta- 
ble landa  of  small  width  (as  in  Central  Asia)  than  that  of  a 
lofty  aerrat«d  ridge,  like  th&  Alps,  While,  howeverj  the  sides  of 
the  mountains  and  their  general  euromita  often  present  this 
flattened  ebaractcr.  the  highest  points,  are  formed  of  great  and 
inaccessible  masses  of  detached  rock  rising  pei-pendicularly. 

An  important  offset  of  the  Atlaa  stretches  towards  the 
north  and  terminates  at  CeutJi.,  showing  a  connection  of  the 
mountain  chains  and  rocks  of  southern  Sjiain  with  those  of 
Africa. 

On  the  western  coast  of  Africa,  south  of  the  Sahara,  and  on 
the  coast  of  Guinea,  there  are  noble  mountain  masses  rising 
13,000  feet  above  the  sea.  These  have  not  jet  been  traced 
Satisfactorily  to  form  a  continuous  chain.  The  Atlantic  coast 
of  Africa  for  900  miles  from  Cape  Negro  to  the  Orange  River 
is  low,  hilt  witbiu,  at  a  short  distance,  tljere  is  a  coast  range 
which  rises  towards  the  equator,  and  is  there  extremely  lofty 
It  13  conjectured  that  this  chain  passes  into  or  connects  wiUi 
a  lofty  east  and  west  mnge. 

The  coast  of  south  Africa  from  the  Orange  River  to  the 
Cape  of  Good  Hope,  thence  eastwards  to  Natal,  and  north- 


Is  oa  the  east  coast  to  tte  ZamLesi  River,  exhibits  a 
series  of  rungcs  of  higli  ground  parallel  to  the  foast,  rising 
in  places  mta  lofty  mouutaijis.  These  are  only  intenupted 
where  the  Zambesi  enters  the  sea.  The  islaiid  of  Madagaiicar 
has  a  yet  more  miignificent  mountain  mBge  rising  lo  I'^.OOO 
feet,  and  being  paj-alld  to  that  of  Lupata  uti  the  main  land. 

Recent  discoveries  in  Afriiian  geography  have  thrown  mncli 
light  on  the  physical  geography  of  the  country  generally. 
Among  other  matters  the  eiiritence  of  exceedingly  lofty  moun- 
Iftins,  a  few  degrees  suutli  of  the  equator*  and  at  a  distance  of 
some  300  milea  from  llie  Zaniiibar  coast,  has  been  proved  by 
the  partial  accent  of  Eilima  ojaro  by  the  late  Baron  von  Decktia, 
aad  the  eight  of  Kenia,  about  200  milea  fnrther  north,  and 
on  the  Tery  line  of  the  eq;tiator.  These  mountains  are  not 
lees  liittn  30,000  feet  in  liei<^bt,  and  the  snow  ]iue  on  them  is 
sometimes  within  ISjOOO  feet  of  the  sea,  though  pennaneut 
only  at  17,000  feet.  They  probably  connect  with  the  Abys- 
einian  range,  a  mass  of  rugj^ed  mountains  torn  by  ravines^  but 
with  intervening  rultivated  plains.  They  include  a  chain 
ruBTiicg  for  SOU  miles  psirallel  to  the  coa&t  of  the  Red  Sea, 
rising  in  places  to  10,000  feet.  At  BOme  distance  within  the 
country  there  is  another  and  loftier  plain  (the  mountains  of 
Bamen),  giving  rise  to  some  of  the  principal  feeders  of  the 
Nile,  These  are  estimated  at  15,000  feet,  aj:d  extend  soutfe- 
wards.  The  kte  Captnin  Speke  received  information  while 
on  his  last  journey  to  Victoria  Nyanza  wbii^h  induced  him  to 
believe  in  the  existence  of  an  equatorial  range  weat  of  that 
great  lake. 

"We  come  next  to  the  mountain  systems  of  the  new  world. 
Theae  are  neither  less  extensive  or  less  important  than  those 
already  described,  but  they  are  more  simple,  and  unlike  those 
of  Europe,  Asia,  and  Africa.  They  form  a  single  principal 
cbaio,  close  to  the  western  side  of  the  continent,  instead  of 
dividing  it  into  two  parts  of  almost  equal  area.  Three  main 
groups  of  mountains — the  Rocky  Motunaina  in  the  north,  tho 
Mexican  Andes  in  Central  America,  and  the  mighty  Cordillera 
of  the  Andea,  commonly  so-called,  (reaching  from  north  to 
Bouth,  m  an  unWoken  line  through  south  America) — these 
together  make  ap  the  chain.  Its  total  length  is  neariy 
10,000  miles.  Though  simple  in  its  main  features  it  is  com- 
plex in  its  details,  consisting  of  two  or  more  chief  axeii. 
Towards  the  nortli  these  are  ladier  'Vfidely  se^iar-d.\.ei,  OB-i 
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only  at  a  few  poiuta  do  the  ridges  ctilininate  to  peaks  above 
10,000  feet  in  height.  In  the  ceutml  [init  there  are  very 
extensive  lofiy  plareaui,  not  always  bounded  on  both  sides  hy 
monnlainB.  Tlie  soulbern  divisinj],  ranging  frinn  the  Jathmus 
of  Panauja  to  Cape  Horn,  is  nanow,  but  double  tbroughouC, 
and  projectii  spnis  to  the  east,  dividing  south  Anieriica  into 
river-lMisins,  which,  fram  the  position  of  the  mountains,  and 
the  form  and  dimensions  of  the  land,  east  of  the  mountains, 
are  among  the  largest  m  the  world. 

The  Rorkj  Mountains  run  for  3,000  miles  in  two  parallel 
fhains  from  the  Arctic  Oeeon  to  the  plains  of  ?ilexico.  and  are 
flanked  hy  two  other  parallel  langes  to  the  west,  namely,  the 
Sea  Alps  of  the  aorth-weat  coast  and  the  mountains  of  Califoniia, 
The  latter  range,  fot  the  chief  part  of  its  course,  is  separated 
from  the  others  by  the  sea. 

These  two  main  ehains,  together  with  the  southern  ex- 
tremity of  ibe  third  (the  Sea  Alp^  of  the  north-west  coastj, 
commence  at  ftbuut  the  tropic  of  Cancer^  and  thence  proceed 
norlhwards  to  about  latitude  4'i°  N,»  where  they  fonn  a 
ifioimtjtin  knot  of  ver^'  coiisiderHhIe  elevation  (the  Snowy 
ilountains],  tranaver&e  to  the  main  north  and  south  direc- 
tion.* 

The  geneml  chazHcter  of  the  two  ridgea  -ivhich  endoae  the 
j^reat  plaina  vf  Mexit;o,  and  of  the  Steri:!!  Madre,  which  rises 
lietween  them,  is  that  of  niRged  and  irregular  bills,  whose 
bummils  are  not  more  than  fiom  500  to  2,000  feet  above 
their  hasef^.  These  are  often  separated  from  each  other  by 
abrupt  declivities,  and  iraversed  by  deep  transverse  valleys. 
Fmtlier  north,  and  between  latitude  H!Jo  and  34**  N.,  there 
are  two  ridges  somewhat  more  distinct,  hut  not  lofty.  Still 
fnrtlier  in  the  same  direction,  and  near  the  Snowy  Moimtains 
latitude  4'-i''),  the  moutitains  rise  abruptly  from  the  east, 
lowerinff  to  a  great  height,  and  con^iistiug  of  ridges,  knobs, 
and  pGftks,  mai:y  of  which  arc  covered  with  pei-petual  snow. 
These  vary  ju  altitude  from  10,000  to  15,000  feet,  and  are 
all  on  the  eaatem  side  of  tlie  range.     The  deateut  of  this 


*  It  ia  uBual  to  coneider  tkat  the  "Rocky  Moiuitains  t^TTDinato  &t 
the  great  bead  of  the  Rio  del  Norte,  latitude  29^ ;  tut  the  OordillerKa 
fliat  contimiB  in  the  eanio  direction  to  the  stiuth  of  tliat  betid  weem  to 
proTi?!  that  altbmigh  part  of  th'S  table  land  of  Mexico,  tlie  (?b^in  may, 
ill  all  ceaeiitittl  points,  be  regarded  as  tho  continuation  of  the  mountaiii 
fjsUsra  mid  aa  (orumig  a  true  connecting  link  with  the  Andea^ 
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iiiMun  cliain  to  the  west  is  not  ho  rapid  as  in  the 
I  the  parallel  range  qu  the  other  side  of  the  llio  cltl 
fcose  vfllley  separates  the  easteni  from  the  central 
d  which  also  rises  sharply  frnm  the  east,  is  less  con- 
in  the  number  mid  elevation  of  ibt;  lofty  peaks  thai 
;  it.     It  is  still,  howevef,  an  injporEHnt  chain,  aud  is 
hy  a  vei-j  wide  interval  of  sandy  desert  from  the 
of  California. 

jf  the  desert  tracts  in  this  part  of  North  America  are 
frith  gait,  and  are  more  or  \€&&  volcanic. 
16  iniportflait  transverse  range  of  the  Snowy  Moun- 
llie  Blitck  Hills — which  in  the  west  uttflin  near  Ibe 
elevatiou  of  10,000  fet^t,  Imt  die  Kwuy  in  the  east  &s 
flroQL'h  the  upper  vallej  of  the  Missouri — tlie  Rocky 
ins  or  Oregons,  as  they  are  t>iere  called,  exhiliit  Uvn 
ranges  running  parallel  to  each  other  at  a  distsDce 
liles,  and  continue  as  lofty  and  rugged  elevations  to  a 
Biderahle  distance,  with  a  brcadlh  of  30  to  40  mil«p. 
lu  height  of  tho  chain  is  ht-re  0.000  feet,  and  the 
irestern  raogt)  is  lower;  hut  wider.  Tlie  uiountains 
I  OS  they  near  the  Pai:ific  coast,  and  form  a  distinct 
irtant  chain.  The  principsl  ranges  for  some  distance 
ftlrendy  descrihed.  They  are  lofty,  but  not  uniform 
iniJtous.  rather  forming  extensive  ^^Toups  of  mourtains 
)  ridges,  and  heing  ov&r-topped  hy  high  ]>eabs.  twn 
,  ill  htiliide  52<>— 58''  N.,  (Mount  Hooker  and  Mount 
ttain  elevations  of  nearJy  Hi. 000  feet.  Still  further 
B  eastern  range  remains  lofty,  hut  it  gradually 
ets  in  height  till  it  sinks  into  an  insignificant  range 
iie  Arciie  cn^cle. 

t  of  tlie  eoast  range  near  latitude  60o  presenle  a 
&f  vETy  lofty  peaks,  one  of  which  is  Mount  Elias,  the 
mountain  in  North  Amenca.  It  is  eslimKted  at 
Set.  and  the  chain  of  winch  it  is  tlie  culminating  point, 
JO  the  south-east  for  nearly  J  00  miles  along  the  coast, 
ainates  wiih  Mount  Fareweather,   whose  height  la 

Drdillera  of  the  Andes  is  a  continuation  of  the  Kocky 
le,  connecting  with  that  chain  iiy  the  mounlaitis  of 
America,  The  Isthmus  of  Panama  on  the  ^noulh, 
of  Tehuaniepec  ou  the  south,  separate  ctntral  from 
d  Korlh  .A,merica.     This  iuchiclcd  district  has  dleo^Oa 
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of  about  IfSOO  miles,  and  varies  in  breadth  from  20  to  4 
miles,  It  h  a  coufuBcd  mass  of  three  mQiinta.in  groapl 
divided  bj  valleys  running  from  the  Gulf  of  Mexit^o  to  th 
Pacific.  Many  of  the  mountains  are  low,  but  most  of  th 
district  consists  of  loftj  table  land,  and  far  loftier  mountain 
of  which  several  are  active  volcanoea^  Guatemala  is  tB 
northemniost  of  these  table  lands,  and  k  intersected  by  dei 
valleys.  It  includes  three  volcanoes,  all  active,  and  terminati 
in  parallel  ridges  of  mountains  nmning  from  east  to  wes 
rising  from  7,000  to  10,000  feet  above  tbe  plain.  The  Cop 
dillera  of  Veragua,  abgul  ft.OOO  feet  Iiigb,  ia  the  southerf 
most,  and  between  Veragua  and  Guatentula  is  the  Mosquil 
country  and  Honduras,  i^octainiug  lofty  mountains-  Soul 
of  Panama  we  enter  South  America,  and  the  great  chain  0 
the  Andt!3,  properly  so-called. 

The  Andes  are  subdivided,  both  geographically  and  geol 
gifally.  There  are  sk  principal  sub-groups,  wbich  inny 
described  under  the  following  names;— (1.)  Andes  of  Ne' 
Granada;  {^.)  Andes  of  Quito.  Th&se  two  are  Bometimi 
called  the  northeiTi  Andes,  (3.)  Pempian  Andes;  {4.}  Boli- 
visn  Andes.  These  two  form  tlie  central  Andes  of  somd" 
authors.  (,5.)  Chilian  Andes ;  (6.)  Patagoni an  chain.  ThesI 
are  the  southern  Andes.  From  tho  first  group  proceed  tb 
'  feeders  of  the  Orinoco,  from  the  second  and  third  those  ( 
the  northern  or  Maranon  branch  of  the  Amaj-ons,  and  froi 
the  fourth  those  of  the  southern  branch  of  the  same  gre* 
river.  Tlie  Pamna  is  chiefiy  fed  from  the  Brazilian  Mom 
tains,  but  partly  from  the  Chilian  Andes. 

The  Andes  chain  con&isls  of  &  double  or  treble  axis,  mi 
nnmeraua  very  lofty  plains,  wlitre  these  dilTerent  ranges  com 
together-  Such  plains  are  called  Imots,  and  they  presel 
phenomena  of  the  most  singular  kind,  which  will  be  describ* 
when  we  consider  the  plateaus  or  lofty  plains  of  the  earth. 

For  the  most  part,  the  M'estern  or  coast  range  of  the  Andi 
is  the  loftiest,  and  that  of  which  the  largest  proportion  risi 
above  the  snow  line.  It  13  generallj  ascended  with  difficult 
by  nigged  paths  to  an  elevation  where  the  frozen  plain 
called  jjnrajHos,  aro  found,  and  from  these  rise  colossal  peak 
many  of  them  volcanic,  hut  covered  with  perpetual  sum 
Tho  country  (which  would  he  very  improperly  described  1 
valley)  that  extends  between  the  two  mountain  axes,  in  tho< 
parts  where  the  chains  do  not  form  a  knot,  is  broken,  ua 
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Vable,  and  solitiTy.     Its  width  Taries,  Liit  Is  never  v$ry 

onsiderable  in  proportion  to  the  roaguitude  uf  the  cliaiii,  and 

is  neceBsarily  very  Taried  in  aspect,  climnte  and  vegetation, 

"he  northern  portions  of  the  clmin  heing  tropiciil,  and  the 

Butliem  parts  in  high  southern  latitudes*  there  are  extreme 

ifferences  in  the  various  dirisions,  nnd  each  may  be  regarded 

&   epecinl  group,  (hough  there  is  rciillj  uo  strict  demar- 

.tioii  from  the   Isthmus   of  Panama  to  the  extremity   of 

The  whole  chain  of  the  true  Andes,  grouped  geographicaUy, 
IB  we  have  juat  deacribeJ,  is  divided  phvslcaily  by  those 
lingular  "  knots,"  or  converging  points  of  mountain  ridges, 
hat  exist  in  otii&r  mouatain  chains,  but  are  nowhere  aeen  in 
K>  cliafftcteristii;  a  form.  Estimated  in  this  way,  however,  the 
geographical  division  remains.  To  render  the  whole  system 
Jear  it  will  be  liest  to  commence  at  the  southern  extremity, 
ihere  the  chain  rises  out  of  the  oceatt  and  &huv/  the  suL'cee- 
|dve  divieiona  as  tliey  approach  the  equator,  and  finally  pass 
\rfB.y  in  New  Gr&nada. 

The  Andes  of  Patagonia  rise  suddenly  out  of  the  sea  at 
Cape  Hora  {or  Hoorul  to  a  height  of  3,000  feet,  by  a  chain 
1^  peaks  ranging  from  3,(J0(>  to  6,000  feet,  but  broken  at 
interrala  by  de'ep  gorges  penetrated  by  the  sea,  and  tesem- 
Ming  ihe  ^ords  of  Nonvay.  This  chain  connects  v:'nh  the 
main  continental  chain  in  latitude  5'2°  S„  thete  rijjing  to  about 
O,0it»O  feet,  iniraedintely  from  the  Pacific,  i'rom  tl;e  mode  in 
which  the  coast  is  lined  with  ialaiida,  an^  broken  by  these 
Qurds,  it  h  manifest  that  the  cbsin  is  contiuued  bemieath  the 
sea  with  a  true  mountain  chsracter,  the  iBlmids  being  the 
fiummits  of  the  submerged  Tuountains.  The  wnne  gt^nend 
condition  exteoda  still  further  to  the  south,  connecting  the 
Andes  with  the  unknown  land  of  the  Antarctic  eeas,  and 
separating  the  Paeilic  from  the  AtlHutic  basic  in  a  manner 
that  will  be  furtlier  alludi'd,  to  when  we  come  to  the  descrip- 
tioQ  of  those  great  oceans. 

From  the  point  where  tlie  Cordillera  enters  the  main  Jand 
the  Trountaina  continue  to  rise,  and  at  length  in  latitude 
43°  S.,  Ihey  reach  to  the  height  of  8,000  feet,  ri&ing  imme- 
diatoiy  from  the  sea,  covered  nitb  ptipetual  snow,  and  giving 
rise  to  euotmoas  glaciera.  The  Pa.t&goniau  Andes  exhibit  no 
eievatjon  more  cotisiJer^Lble  than  about  Pi030  feet. 

The  Andes  of  Chili  do  not  approach  so  near  the  coast  as 
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those  of  Patagonia,  hut  lhe_v  attain  a  much  greater  height 
presenting,  also,  liilly  districts,  flanking  the  miun  chain.  Tbi 
GordiUeni  (as  mountain  chain?  ai'e  called  ia  the  Spanish  lari' 
gnage)  has  12,000  feet  of  mean  elevation,  but  one  mountaiu 
Aconagua,  rises  to  i;ii,UOU  feet.  The  mountain  tops  are  rarel] 
ahove  the  level  of  perpetual  anow,  which,  in  latitude  33°  3. 
rises  to  12,780  feeL  The  precipices  on  eat-h  side  of  this  piitf 
of  the  range  ai"*  frighU'u],  and  aeveriil  vokanoes  erect  thei] 
conical  peats  above  the  flaC  summits.  The  Cliilian  Andlffl 
terminate  at  the  knot  of  Porco  aad  Potosi.  This  knot  ia 
tbovethe  snow  line^  (at  this  place  17,000  feet  alK>ve  the  aea), 

From  about  tlie  ddth  decree  of  south  Ifttltude,  the  chiia 
takes  the  nams  of  Peruviau  Audea,  and  is  separated  fwm  tin 
pacific  by  a  plain  about  BO  miles  brtmd,  extending  for  1,350 
miles  to  the  north.  No  rain  hdls  on  this  district.  The  sama 
plain  exteuds  as  fur  as  the  Isthmus  of  Panama,  but,  in  ita 
northern  coutiuaation,  is  damp  and  clothed  with  luxurioui 
forests. 

The  Peruvian  Andes  proceed  for  ahout  250  miles,  in  a  some- 
what north-westerly  direction,  to  the  knot  of  Cukoo,  in  two 
principal  ranges  of  gieat  elevation,  between  which  is  the  tabU 
land  of  Destiguadei'u.  The  whole  breadth  of  country,  includiuj 
the  two  ranges  andtha  plain  between  ibem,  i.s  only  300  miles, 
bat  a  multitude  of  snowy  peaks  rise  on  each  side^  varj'ing  from 
18,000  to  y-^,000  feet  in  absolute  height  above  the  sea.  Tbg 
elevation  attains  a  height  esceediug  30,000  feet  in  the  iniddl* 
of  the  eastern  range.  A  very  impbrtaut  eastern  spur  of  th( 
Andes  (the  Sierra  Nevada  de  Cochabambft)  id  given  off  froa 
this  range  of  the  Bolivian  Andes. 

The  group  or  knot  of  Cuzco  ia  &  remarkable  range  of  hi^ 
pround,  having  an  extent  of  surface  three  times  as  large  ai 
Switzerland,  with  a  mean  httight  of  8,300  feet.  Knirth  of  I 
ejctendii  the  plain  of  Bombon,  at  an  absolute  elevation  o 
J -1,000  feet.  This  is  only  18  miles  broad.  On  each  side  rii 
Hdgea,  which  unite  agaiu  iu  the  knot  of  Pasco  and  HuonuM 
between  the  1  Uh  and  10th  parallel  of  south  latitude,  il.BW 
feet  above  the  sea,  whence  proceeds  a  triple  range  of  soraewha 
lower  elevation,  (rarely  amounting  to  lO.UOO  feet),  terminatin 
at  the  knot  of  Loj^as. 

From  this  poiut.  at  which  the  elevation  varies  from  6,401 
to  8,300  feet,  the  summit  of  the  Andes  forms  a  narrow  tabl 
hod  for  35U  miles,  hemmed  in  by  some  of  the  loftiest  moua 
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uiis  of  the  now  worM.  Among  these,  Cliimborazo  (a],4',20 
feel),  Cotopaxi  (18,858  feel),  Amirana(  19,1-^0  f™i)^Cuyambe 
(19,025  feet),  and  many  others,  form  a  series  of  njouutaia 
coiiea,  many  of  them,  volcanic,  which  aurromid  the  remarkable 
table  land  on  which  Quito  is  situated,  find  attest  the  activity, 
energj,  and  vast  force  of  tlie  subterranean  powera,  which  are 
often  still  recognised  iu  the  earthquakes  and  eruptioi!?  so  charac- 
teristic of  this  reraarkiible  dLstrict.  One  of  these  pealta  (CfiJ- 
anjbej  is  traversed  hj  the  eijiiaiot,  and  all  of  them  nrtr  situ^itt^il 
under  the  immediate  influence  ef  a  tropical  sun,  affurdiDj;;  iu 
the  aaceot  of  their  lofty  slopes  every  variety  of  cUmataJ  pecu- 
liarity that  the  surface  of  our  earth  will  admit. 

North  ot  thu  equator  is  the  knot  of  Los  Paatt)s,  (10,300 
feeij,  Leyoud  whiiih  the  chain  of  tlio  Audea  begins  to  diverge. 
one  branch  goiog  off  to  tho  nartli-east  into  Veuezutila,  bouad- 
ijigthe  Llanos  of  the  Orinoco  and  spreading  out  into  the  table 
laud  of  Sta  Fe  de  Bogota,  wtlh  au  altitude  of  9. QUO  feeU 
Another  (the  central  branch)  runs  due  north,  at  a  mesta  hoight 
of  10,000  feet,  bui  attains  a  height  of  18,^14  feet  in  the  Peak 
of  Toliraa.  The  third  or  western  branch  is  much  lower,  and 
only  20  miles  broad.  They  form,  together,  an  almost  ina- 
passable  barrier,  and  proceed  through  the  knot  of  Andoquia. 
(7»000  feet),  to  tbe  Isthmus  of  Panama. 

A  small  east  and  we^it  coast  chain  extends  in  Venezuela 
north  and  east  of  the  eastern  cuo  tin  nation  of  the  Andes,  the 
hills  rising  to  the  height  of  about  7^000  feet,  directly  from  the 
sea.  The  western  ext.remity  of  thia  range  is  the  lofty  moun- 
tuin  of  St.  Martha,  which,  at  a  height  of  10,0^0  feet,  and 
deeply  covered  with  perpetual  suow,  rises  as  a  landmark  ill 
the  Qxtensivo  plain  between  tUe  delta  of  the  Magdalena  and 
tbe  Lake  of  Maracaybo, 

On  the  Atlantic  coast  of  South  America  the  only  consider- 
able moautain  chains  are  in  Brazil,.  Two  parallel  ranges 
^cross  tbe  country  from  north  to  south,  the  greatest  height 
aiued  bfiitjg  between  (l.oOl)  snd  7,000  feet.  In  North 
aerie*  ihtj  AUey:hany  Jlouutairife  commencfj  iti  Alabamflf 
ftud  range  with  a  breadth  of  from  00  to  IJiO  miles  to  the 
Catbkill  Mountains,  on  the  Hadsou.  Their  greatest  height 
(iu  North  Cai'olina)  is  tJ.47G  feet,  bat  their  general  range  ia 
less  than  half  that  elevation.  The  Gatslulls  rise  to  nearly 
4,000  feet. 
In  the  continent  of  AustrdJA  there  are  no  lofty  movmldla 
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ch&ias.  Odq  important  ersteai,  koweven  langes  along  tha 
east  const,  tn  a  nearly  north  and  south  direcdoQ.  through  35 
degrees  of  lalitude,  and  is  then  continued  into  New  Guinea, 
connecting  itself  with  the  ij^lands  that  join  Asia.  It  is  also 
coBtinued  southward  into  Tasmania.  This  chain  nowhere 
recedes  mnre  than  150  milea  frosi  the  const.  Its  height 
vftriea  in  difFereut  parts  from  S,50n  to  more  than  5,000  feet 
above  the  sea  ;  the  loftiest  point,  Monnt  Kosciusko,  being 
B,500  feet.  These  mountains  are  exceedingly  wild  and  rag- 
ged, and  have  numerous  spurs  projecting  at  right  angles  Irom 
the  chain,  forming  dark  aud  almost  auhteminean  gullies 
nearly  inaccessible,  and  helping  to  render  the  chain  much 
more  formidable  than  far  loftier  elevations  in  other  countries. 
The  estension  of  this  chain  into  New  Guinea  is  very  much 
more  lofty. 

New  Zealand  exhibits  a  mountain  chain  of  great  elevation, 
ranging  nearly  parallel  to  that  of  Eastern  Austraiia.  These 
southern  alps  iuclude  a  large  number  of  pyramidal  peaks, 
rising  more  than  10.000  feet  above  tlie  sea.  Mount  Cook,  the 
highest  of  all,  is  1 3f4B0  feet  high.  This  great  back-bone  runs 
through  tbe  islands  from  nortb-east  to  south-west,  about  3t.i 
mites  from  the  west  coast.  Very  lofty  passes,  from  6,500  to 
8,000  feet  high,  intervene  between  the  peaks.  Gigantic  gla- 
ciers occupy  the  higher  valleys,  and  reach  down  more  than  12 
miles  into  the  lower  touutrj.  Many  of  the  mountains  are 
volcanic. 

Such  is  a  brief  outline  of  the  great  monntain  chains  of  oiir 
globe.  Grand  as  they  are  they  are  not  excessive  compared 
Tivith  the  earth's  diameter,  and  there  is  notlnug  in  their  history 
that  removes  them  from  the  existing  state  of  things.  To  a 
very  large  extent  they  are  water-worn  having  been  denuded  of 
coverings  of  softer  and  newer  rock.  All  that  has  once  covered, 
them  hm  been  carried  away  during  the  long  process  of  elevation 
and  now  forms  other  and  yet  more  recent  deposits.  These 
are  either  still  at  tlie  sea  bottom  or  have  been  lifted  up  since 
the  commeDcement  and  dtiring  the  progress  of  tlie  upheaval 
that  has  converted  a  former  smooth  ssa  bottom  into  a  lofty 
and  serrated  ridge. 


HrLLS  and  maontaius  are  often  regarded  as  mvolving  aimiJar 
conditions  of  the  earth's  Burfnce,  differing  only  in  degree ;  anii 
it  is  diMcult  to  give  distiuctive  defiaitionB  in  popular  languagE! 
ihflt  shall  be  both  clear  and  imexcepLionahle-  But  in  pliyaical 
geography  wa  may,  with  some  advantage,  distiagnish  between 
ihem.  We  may  regard  as  mountains  either  isokted  masses 
of  rock  of  great  elevation,  or  Beveral  ridgea  connected  to- 
gether liy  similar  rocks  in  a  definito  manner,  and  forming  con- 
tinuous chains.  In  a  araall  district,  however,  very  moderats 
elevations  will  he  regarded  as  mountaiiia  ;  while  in  a  country 
of  great  extent,  very  high  ground  will  still  be  regarded  aa  hill- 
country.  J-Iountaina  are  generally  in  tontiuuous  groups,  and 
liille,  on  the  other  hand,  are  dieiionuected  and  isolated.  Geo- 
logically, mountain  cliaina  exhibit  in  some  part  of  their  struc- 
lare  metamorphic  rocks,  from  wheoce  we  conclude  that  ths 
whole  mass  now  elevated  was  once  buried  at  n  veiy  great  depth 
kelow  the  earth's  surface.  Hill8+  on  the  other  band,  though 
ibey  may  be  formed  of  mfitainorphic  rock,  more  usually  eou- 
Biat  of  the  ordinary  stratified  rocks  of  the  district.  Both  have 
lieen  very  greatly  modified  by  weathering  and  denudation,  or 
in  ctliei"  words,  have  been  worn  away  ly  ths  action  of  water 
and  weather  since  they  were  formed ;  but  mountains  have 
generally  been  cleared  of  a  large  part  of  the  soft  material  onee 
covering  them,  and  are  left  projecting,  at  least  in  part,  above 
Ibis  covering,  while  the  hills  are  rarely  laid  bare  so  completely 
— sod  rocka  atill  covering  tbeir  surfaces.  MounCidn  cbflins  are 
generdly  bfty,  and  hilla  onlj  of  moderate  elevalion.    'S!lV'i^Kv 
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tain  forms  are  jagged  and  picturesujue — hilU  present  siaooth 
and  rounded  outline.  These  are  g'&nerol  disiinctions,  visibUe 
to  the  eye.  In  Blructure,  tliere  are  some  others,  but  tliey  ara 
of  little  importance,  as  the  distiuf  tion  has  never  Leen  made 
viiQi  much  accuracj,  and  wtj  need  not  navf  attempt  it-  Therft 
are  manj  exoepdona  to  anj  oomenclature.  ThiiSf  the  Malvem 
HiUSt  according  to  strict  definition,  are  mountains. 

The  subordinate  elevHtions  of  a  contineut  may  be  of  great 
absolute  height,  although  very  Httle  above  the  level  of  tlie 
aurrounding  plains.  It  13  evident  that  elevatioti  is  r«rlfttive, 
end  that  hiiLs  maj  be  several  thousand  feet  above  tbe  sea  and 
yet  only  a  few  hundred  feet  above  the  general  level  of  the 
land  from  which  they  rise.  Thus,  the  mountains  of  Wales, 
ftiid  the  hillt:^  in  the  great  valley  of  Switzerland,  attain  Dearly 
the  esme  height  above  the  sea ;  but  inasmuch  as  the  first  rise 
directly  from  the  sea  without  intermediate  terraces  of  land, 
and  the  others  rise  from  a  lofty  plateaus,  the  mountain  cha- 
racter in  Wales  is  as  well  preserved  as  that  of  the  Alps  them- 
selves, while  the  numerous  hills  of  Switzerland  are  eimple 
undulations.  Hills,  therefore,  are  distinct  physical  pheno- 
mena, and  are  of  some  value  es  rnKrking  the  general  character 
of  a  district.  They  are  fll&o  impoj'tent  as  frequently  marking 
the  limits,  of  natural  drajnaoe  areas.  Tbey  assist  in  the  na- 
tural drainage,  partly  by  attracting  clouds  and  cocdensing 
them  into  min  ;  partly  by  affording  slopes,  down  which  the 
rain  passes  iuto  wider  channels  between  tliera  ;  and  partly  by 
giviug  a  certain  amount  of  shelter  against  the  influence  of  pre- 
valent wimla.  Such  minds,  passing  over  plains  of  great  estentj 
hecoma  iutetisified,  and  acquire  a  vciy  inisclievous  strength. 
In  hilly  countries  tbey  are  broken  up,  distributed  as  it  were 
among  the  valleys,  and  greatlj  checked  in  their  course. 

HLlly  ground  sometimes  occupies  an  intermediate  position 
between  mountain  tracts  and  perfectly  flat  plains.  There  are, 
however,  very  extensive  districts  for  away  from  inouutains 
tiiat  are  gently  undiJated  or  rolling.  The  cause  of  the  former 
condition  may  be  found  in  the  geologieal  structure  of  the  dis- 
trict, and  tliey  are  produced  hy  audi  disturbances  and  subse- 
quent denudations  as  those  to  ivhich  the  mountains  themselves 
are  due.  The  latter  are  probably  the  result  of  denudation 
only,  if  we  inL-Iude  ice  with  water  as  a  causa  of  denudation. 
In  Some  cases  the  hills  are  of  the  same  rock  and  of  the  same 
liardn«s9  ss  the  intervening  lower  spaces  or  plams.    In  oUiei-s, 
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aej  are  of  harder  rock,  and  mark  important  facts  in  the  geoTooj 
of  the  country.  There  am,  however,  maiiy  hills  of  aand,  clay. 
orgra?el.  coosisting  of  heaps  of  such  material  super-iuipoeed 
on  hard  rock,  wilh  which  tb€j  are  quite  uncouformsiblc'.  There 
are  manj  well-maibHl  hilly  districta.  In  England,  aa  those 
most  likely  to  he  most  familiar  to  my  readers,  we  may  mention 
the  Malvern  Hills,  of  syenite,  whidh  are  really  raountaina  ;  the 
Cotteswold  Hills,  of  oolite,  resulting  from  elevation  and  denu- 
dation ;  and  the  range  of  the  South  Down  HUls,  of  chftllr, 
whose  form  is  due  to  weatbering  and  denudation,  AH  these 
are  low  but  perfectly  distinct,  and  all  are  geolo^ricbdiy  maiked. 
The  two  latter  represent  the  escarpments  of  important  strata, 
very  uniformly  distributed  through  tlia  country.  The  formei'. 
thougli  they  have  no  dnulit  undergone  enorniLhua  denudation, 
present  now  an  excellent  example  of  the  class  of  elevations  of 
hajd  rock  which,  on  a  larii^er  scale,  would  he  called  mountain 
chtdus.  lu  Europe,  north  of  the  mountain  diain,  where  there 
is  a  va^t  expanse  of  plains,  these  are  broken  at  intervals  by  a 
few  hilV  ranges.  Among  them  sre  the  Waldai  Hills,  not  more 
than  300  feet  above  the  sea,  but  very  well  marked.  But  we 
need  not  pursue  the  subject  ftirther,  as  groups  of  hills,  though 
locally  interegting,  and  often  very  picturciique,  ore  hardly  of 
sufficient,  importance  in  physical  yecgraphy,  or  sufficiently  dis- 
tinct aa  physical  phenomena,  to  make  it  deairable  to  deisignate 
them  as  belonginfr  to  the  various  natural  diriaiona  of  the  globe. 
They  are  oiteii,  howcYsr,  sufjgestive  to  the  geologist,  and  can. 
never  be  neglected  with  safety,  in  an  estimate  of  the  ph]aical 
features  of  a  country,  especially  in  reference  to  chmatal  q;ue3- 

It  is  not  always  possible  to  adapt  the  common  and  reccg* 
nised  language  of  every-day  life  to  any  strict  rule  of  special 
terms ;  and  it  has  already  been  pointed  out  that  few  words  aro 
lesa  manageable  in  tbia  respect  than  those  ive  are  now  eon- 
fiidering,  Wbnt  is  a  bill  in  one  country  ia  a  mountain  in 
another  ;  and  neither  by  form,  structure,  height,  or  any  other 
peculiarity,  can  we  draw  a  line  that  ehall  include  all  that  it  is 
desirable  to  include^  and  exclude  what  has  no  clear  right  to  be 
included. 

But  hills,  though  they  often  cannot  be  distinguished  with 
certainty  from  mountains,  can  hardly  be  mistaken  for  plains : 
nor  ore  plain  countries  likely  to  he  described  as  billy.  Even 
|vthis,  however,  is  not  a  riOe  without  excepliuua,  aa  ^tofi  ol  ^!^a 
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great  plateaux,  and  others  smdlier  but  sufficiently  definite,  are 
occasionally  so  far  intersected  by  gorg&s  and  ravines,  and  the 
sharp  edges  of  tlie  fractures  are  so  far  worn  away,  that  their  tabla- 
shape  ia  almost  lost  sight  of,  and  they  become  reduced  to  an 
appearance  of  hills  and  Talleys,  more  or  less  syatematic.  Tlioae 
who  have  visited  the  Saxon  Switzerland  on  the  right  bank  of 
the  Elhe,  not  far  from  Dresden,  may  call  to  mind  a  tract  of 
land  certainly  originally  a  plateaus,  but  now  ri^duced  by  the 
eroding  action  of  water  to  a  number  of  detJii-'hed  and  grotesque, 
protuberances,  which  a  little  rounding  reiji^ht  convert  into  hiila. 
The  Quantockhilla,  in  Somersetahire,  aad  the  hills  of  Derby- 
Bhire,  afford  other  esamples  ;  and  in  different  parts  of  Europe 
are  innntneraUe  illustratJaus  of  similar  kind,  The  Saxoa 
STvitzerland  is  in  n  sandy  distriL-t,  and  its  hills  are  interrala 
between  valleys  of  erosion.  Another  equally  picturesque  tract 
of  limestone  iu  the  north  of  Bavaria  (known  as  the  FrHEConian 
SvritzerlandJ  e.\h;bit  numerous  phenomena  of  the  same  nature 
produced  in  the  same  roanner,  on  a  vei-y  different  materiaj, 
may  be  studied  with  advantage.  Thus  hills,  at  least  Jn  some 
cases,  are  derived  from  high  plains  or  plateaux,  by  the  coa- 
tinued  action  of  the  weather  on  certain  rucks. 


2.— Valleys. 


. 


Valleya  are  by  no  mpana  to  he  regarded  as  necessfiiily  in 
contradistinction  to  hills,  although  it  is  convenient  to  con- 
sider them  at  this  point  of  our  history  of  the  land.  Geogra- 
pliieaUy,  they  represent  depresRions  occupied  partly  by  streama 
that  mn  through  them  ;  bnt  tliey  are  often  of  estreme  width, 
compared  with  the  rivers  from  which  they  receive  their  names. 
In  mountain  distrietB  they  are  enclosed  by  lofty  walls ;  but 
across  great  continents,  away  from  the  mountains,  they  are 
bounded  only  by  hypothetical  and  a&sutned  limits.  There  are 
thus  narrow  and  ehut-in  valleys,  genenillj  at  a  high  level 
above  the  sea;  and  open  Talleys,  scareelj  different,  except  in 
name,  from  low  plains. 

The  upper  valleys  in  mountain  districts  are  often  remark- 
able for  magnificent  scenery.  Eeceiving  the  enow  from  the 
mountains,  they  afford  the  shelter  in  which  glaciers  accumulate. 
They  are  occasionally  blocked  up  by  some  natural  obs^tjicle,  and 
form  the  beds  of  lakes.  They  fall  rapidly,  and,  the  rivers 
rtishing  down  them,  leap  from  rock  to  rock  in  cflscades  and 
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TTaterfalls.  Their  sides  grooved  and  scratched  by  ice,  or 
smoothed  and  worn  by  llie  constant  erosive  Jiction  of  water, 
exhibit,  more  clearly  and  completely  ihan  any  other  parts  of  the 
earth's  surfsce  the  nature  of  the  forceps  that  hsviS  acted  to  pro- 
duce its  existing  phjsicfll  features.  Thpyare  thus  landmarks^ 
and  imlications  of  progress  as  well  as  of  destruction. 

Geologically,  there  are  valleys  of  ftuctvire,  or  fault,  ftnd 
^—Talleya  of  erosion.     AU  rocks,  m  being  lifted  to  form  luountain 
^Knusseg,  must  be  cracked  and  broken,  andv  in  many  cases,  one 
^•ftide  is  lifted  higher  than  the  other.     Thus  are  formed  moun- 
tniu  gorges,  some  of  which  are  of  the   grandest  character. 
Very  sooa,  these  crevices,  or  fitisures,  are  a.cted  on  by  rouning 
water, — their  walls  are  undennined  and  broken  duwn — the 
rain  formiug  a   gtream  or  increasing  a  stream  already  in 
existence,  nislies  down  theui,  poundiu*  and  carrjiog  away  a 
large  proportion  of  the  fractured  walls,  and  leas-ing  some  part 
as  a  rocky  bottom.     In  thia  way  are  produced  those  varieties 
of  form  which  astonish  and  delight  the  traieller,  and  speak 
with  such  distinct  voice  to  the  student  of  nature,  teaching  him 
the  true  origin  of  appearances  which  he  mi^ht  at  Hi^t  regard 
as  proofs  of  tmividsive  action,  or  of  disruptions  inconceivably 
greater  than  wuld  be  caused  by  any  force  now  recognised. 
^_      AH  valk'ys  are  more  or  less  distiu^-tly  valleys  of  erosion. 
^■Jfauy  are  nothing  more   than  this,  and  are  the  result  of  the 
^■dailyand  ceaseless  grinding  power  of  running  water,  increased 
greatly  in  effect  by  at.rao?pheric  change.     In  some  countries, 
the  \ery  begmning  nf  the  formation  of  a  valley  in  a  plain  may 
be  see",  and  its  rate  calculated,  but,  more  usually,  the  wort  ia 
noticed  only  when  it  Ims  already  been  so  long  in  course  of  pro- 
ceeding, that  tlie  actual  spot,  where  the  valley  originally  com- 
menced, cannat  he  deteetiid. 

The  lower  valleys,  or  eoi:tinuadonB  of  the  upper  and  more 
technical  and  typical  ralleya,  are  illustratRd,  in  England,  by 
the  valleys  of  the  Thames  and  Severn,  as  they  open  out  to  the 
sea.  The  valley  of  the  Rhine,  soraetime.s  open  and  wide, 
flometimes  shut  in  by  approaching  moiintaius.  ia  a  better 
example.  The  valley  of  the  Danube  is  on  a  still  nobler  scale, 
especially  where  it  Bpreads  out  in  the  plains  of  Wallachia, 
after  being  ahnt  in  at  the  Iron  Gate,  where  the  CRrpalhiana 
are  crossed.  But  it  is  chiefly  in  the  countries  where  the 
largest  rivers  exist,  that  the  phenomena  of  great  valleys  must 
be  studied.    The  valleys  of  the  Ganges,  to  India,  qI  ^ft 
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Mississippi,  in  Norih  Americo.  and  of  tlie  Amazpos,  in  South 
America,  are  of  this  kind.  Ther  are  vast  spnces  of  compara- 
tivelj  low  aud  level  ground,  and  thus  pass  into,  and  are  lost  in 
the  gigantic  low  plains  ivhich  are  regarded  as  a  somewhat 
different  condition  of  the  surfaoe.  There  are  other  vast  spaces 
lioHoived  out  ftlso  by  water,  hut  with  no  natural  outlet  to  the 
sea :  and  these,  too,  must  he  reg^arded  as  valleys,  though  of  a 
Bomefthat  different  kind.  The  valkys  of  the  great  rivers  of 
Southern  Africa  ate  of  this  kind,  and,  perhaps,  some  of  these 
of  Austmliji. 

Vfllltrs  have  been  described  as  the  great  natural  bighwavs 
of  the  ivorltl,  and  in  a  very  important  sense  they  are  so. 
When  traversed  bj  oavigable  rivers,  ihev  facilitate  profess, 
and  tlio  earliest  civili^alion  of  the  world  has  probably  been 
governed  and  guided  by  these  physical  conditions.  Greece 
and  Rome,  however,  owe  nothing  to  great  valleys ;  although 
India>  China,  and  Egypt  roay  he  quoted  as  examples  in  favour 
of  ihis  view.  In  modern  cimga,  liutnai;  iiiterests  are  so  closely 
connected  with  ea^T  communicatioii,  that  vBlIeys  would  seem 
to  have  once  more  taken  their  place  among  the  neeessitiea  of 
success  in  new  colonies*  Tvere  it  not  that  Au&tralia  is  of  all 
countries  that  which  has  the  fewest  of  these  advantages. 


III. — HiOH  Plaiss  ott  Plateatix. 


Under  the  name  Pldteairce,  may  be  included  al!  those  plains 
whose  meanelevfltion  exceeds  tiOOfeet,  and  which,  for  the  most 
part,  rise  at  once,  or  rapidly,  from  tlie  sea,  or  from  lower 
plains,  This  definition  is  arbitraiy,  but  convenieut*  Of  such 
plains  there  are  many  in  all  the  principRl  divisions  of  the  land. 
Some  of  them  are  tqtj  greatly  elevated,  and  some  of  enormous 
extect.  They  are  everywhere  inai*ked  by  peculiarities  of 
dimate  and  vegetation.  They  often  occupy  pc-sltions  between 
and  amongst  mountain  rangeSt  hut  to  this  there  are  important 
exceptions  ;  some  apparent,  some  real.  They  always  connect 
themselves  \\-ith  the  geological  history  of  the  district  in  which 
tiiey  occur*  and  often  witli  the  great  axes  of  elevation  that  have 
produced  tlia  most  strikiiig  physical  features.  We  must  con- 
sider them  aystematically,  and  shall  then  proceed  to  describe 
the  low  plains. 

To  Wgin  with  our  otiTI  countrj- — which,  from  its  small  area 
only  preaent  phenomena  on  a  minute  scale,  hat  which, 
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eing  uecessarilj  familiar  to  its  inhaljitants,  is  very  convenient 
for  reference — we  find  iu  it  a  plateau  of  chalk  ami  another  of 
te  oolites.     The  granite  of  CornwaH  fiPrurds  a  tiiird.     The 
_Tiltsbire  Downs,  esteuding  nonh\Yariis  nnd  enstwarda,  illus- 
trates the  first,  and  connects  tni6  hill  structure  with  that  of  a 
plateau,  acted  on  by  weathering  and  denudation.     The  general  * 
mnge  of  the  Cotteswold  hills,  extending  through  several  coun- 
ties^ and  having  iS  genei-al  direction  from  south-wejut  to  north- { 
east,  but  everywhere  of  limestone,  is  a  still  Itetter  fxample^i' 
Dartmoor,  and  the  adjacent  gi-anite  district,  is  another  equallyi 
well  marked.     None  of  them,  indeed,  are  very  extensile,  but 
ftll  have  ceitiiiLi  cbiiracteristic  features,  bolh  of  vegetfttion  and 
clinaate.     There  is  a  general  feeling  that  the  nip  is  more  fresh 
and  invigorating,  and  the  country  more  open  on  these  higher 
grounds,  than  in  the  low  plains  and  valleys. 

France,  also,  has  ita  plateaus.  In  the  north,  they  are  not 
mwch  roore  elevated,  nor  greatly  mure  contiguous  than  those 
of  England,  and  they  are  there  of  irrtgulnr  etevationf  hut  in 

I  the  middle  of  France  we  find  true  plateanK  of  liraeatone  rock, 
and  otlieiti  of  hapalt.  Both  me  of  moderate  extent.  In  the 
extreme  esst  of  Europe,  and  al&o  in  the  Iberian  peTjinsula, 
similar  phenomeuft  ore  represented  in  a  distinct  (brm,  and 
on  a  grand  scale.,  The  latter  are  more  characteristic ;  the 
former  much  more  extenaive.  Thu3,  to  the  north  of  the 
great  German  and  Sarmatian  +  plains  there  is  a  plateau  of 
moderate  elevation,  extending  for  about  1,5C0  miles  in  length. 
Tta  width  is  sometimes  less  than  50  miles ;  in  others^  as  much 
as  "200  miles.  The  whole  is  of  a  very  moderate  elevation. 
This  plateau  separEles  the  low  plains  of  central  from  those 
of  northern  Russia.  Between  ths  Sarmalian  plain  and  the 
Steppes  of  little  Russia,  is  another — the  Carpathian  plateau, 
extending  for  nearly  800  miles  to  the  east,  though  not  without 
important  interruptions,  where  it  is  crossed  by  the  Dneiper, 
the  Don,  aod  tlie  Volga.  This,  also,  is  low,  though  abruptly 
raised  from  the  sea.     Ic  is  only  in  the  Iberian  peuinaula  that 

,      we  iiud  iu  Europe  a  large  elevated  plateau. 

1^^  The  central  plateau  of  Spain  is  a  tract  consisting  of  nearly 


^^Aaiai 


•  Saimatia  was  tho  name  giTen  by  tho  Romana  to  the  couBtry  in 
Europe  and  Asia  between  tlie  Viatulj,  and  tlie  Coepian.     It  is  partly 
hiatio. 
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from  3.000  to  3,000  fieot  above  the  sea»  It  is  parLly  sur- 
rouuded  by  inoiiiitains»  and  several  granite  ridgea  (fierras)  rise 
out  of  it.  Some  of  these  Sierras  (as  the  Sierra  Nevada)  flttaio 
a  very  ^Tcat  elevation ;  others,  the  Sierra  Morena  aiid  tha 
Gaadaratna  are  less  lofty.  The  great  plateau  is  iTiiersected  by 
ravines,  through  which  the  rivers  flow.  The  eurface  consists, 
for  the  most  part,  of  hmeatone  rock,  covered  witlh  a  thin  aoil. 
The  limestone  is  somewhat  marly,  and  I&t^b  crops  are  grown 
on  it.  the  whole  country  being  favourable  for  com  crops, 
and  the  vine  thriving  in  certain  localities.  The  climate  on 
tliis  table  land  is  somewhat  extreme,  being  hot  and  parched  in 
aummer,  and  c^ld  in  winter.  In  the  low  Sands  on  the  south 
and  west  coasts,  the  climate  h  sub-tropic&l,  and  the  contrast 
is  very  striking. 

The  ptateati  of  Spain  extends  into  Fortogal.  It  is  separated 
from  France  by  the  Pyrenees,  which  rise  a&  s  wall  between 
the  high  land  through  which  the  Ebro  ruua,  and  the  low 
plains  of  Languedoc.  Beyond  Langnedoc,  are  the  small  lime- 
stone plateaux  of  central  France,  which  thus  have  a  certain 
correspondence  with  those  of  Spain. 

Afiia  is  the  country  of  plateaus.  Lofty  plains  extend, 
occasionally  broken  bj  momncain  ninges,  from  the  shores  of 
Asia  Minor  to  the  Pacific  Ocean.  The  breadth  of  the  plateau, 
at  first  rather  narrow,  expands,  by  degrees,  till  it  amounts  to 
aa  tnuch  aa  2,000  miles.  The  altitude  is  always  considerable. 
In  many  places,  the  plains  are  rent  by  enormous  fissures  of 
great  depdi,  traceable  to  considerable  distances. 

The  western  portion  of  these  great  plains  consists  of  tlie 
table  land-3  of  Arabia  and  Iran,  or  Persia.  Each  occupies  an 
area  of  nearly  a,0OO.O0O  of  square  miles,  varying  in  height 
aboye  ihe  sea,  from  4,000  to  7,000  feet.  The  eastern  portion 
is  very  much  larger,  amounting  to  nearly  8,000/100  of  square 
miles.  It  is,  also,  much  kftier;  some  pirts  attaining  an  ele- 
vation of  17,000  feetj  which  is  higher  than  the  loftiest  moun- 
tain pCJlks  of  Europe.  These  high  lands  mrely  present  a  con- 
tinuous and  absolute  level,  or  resemble,  in  this  respect,  the 
low  [ilainSf  under  whatever  name  they  are  (described.  They 
are  bounded  by  mountains,  aod  some  of  the  loftiest  mountains 
of  the  world  rise  out  of  them.  They  not  uufrequeiitly,  also, 
exhibit  mountain  features. 

Among  the  great  plateaux  of  western  Asia  are  included  the 
cold,  tree-less  plaitis  of  Armenia,  7^000  feet  above  the  sea,  and 
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teat  salt  desert  and  ndjaeent  sandy  deserts  of  Irak  and 
termanj  in  Pei-sia.     These  are  almost  without  cultivation;  the 

oda  being  driven  about  by  the  wind,  or  the  soil  covered  with 

efHorescence  ofesltpfitre, 

Separated  from  these  by  a  spur  of  the  HimaHayan  Monn- 
taina,  and  from  the  plains  of  liindostan  by  the  great  Hima- 
la.yan  chain  itself,  are  the  table  lands  of  Thibet  in  the  south, 
and  the  vast  plateau  of  the  deserts  of  Gobi  and  Soha-mo  in  the 
north,  the  latter  extending  to  the  foot  of  the  rnomitains  of 

stern  China  that  border  the  Pacific.     AU  this  part  m  of 

Ktreme   altitude.     It  is   traversed  by  no   leas   than  three 

nountain  ranges,     Tbronghout  the  whole  district  there  are 

no  low  plains,  for  the  level  of  the  water  of  the  great  lake  of 

Baikal,  one  of  the  largest  sheets  of  water  In  Asia,  is  1,800 

feet  above  the  sea. 

The  deserts  of  Gobi,  Scha-mo  (sand  desert),  Scha-ho  (sand 
river),  and  Hanbai,  run  in  a  NNE.  direction  with  little  in* 
terruption  firom  enstern  Thibet,  near  the  Hindoo  Koosb  moun- 
tains, fov  a  distance  of  nearly  3,000  miles.  The  breadth  of 
the  table  lands  varies  from  500  to  nearly  1,000  miles.  The 
mean  elevation  of  the  eastern  part,  where  it  has  been  best 
explored,  between  the  sources  of  the  Seleuga  atid  the  great 
wall  of  China,  dots  not  exceed  -1,000  feet,  but  in  the  western 
division  is  inndi  greater.  The  mountaics  there  rise  to  about 
13,340  feet  above  the  sea,  and  the  mean  level  of  the  plains  is 
eattmated  at  11,510  feet* 

Thibet  ia  divided  from  east  to  west  into  three  portions. 
Upper  and  Middle  Thibet  are  nearly  10,000  feet  above  the 
sea,  but  Little  Thibet  ia  only  6,300  feet  in  soma  porta, 
althoagh  the  plateau  of  Deotsuh,  measured  by  Vigne,  was 
found  to  btj  1 1,977  feet.  The  region  thus  designated  is  not 
Bu  unbroken  plain,  and  there  are  few  real  plains  wkhin  its 
ftrea.  It  is  an  iri-egular  plateau  with  mountains  rising  from 
it ;  some  of  Ibese  are  eKccedingSy  liigh.  Round  Ladak  the 
level  in  13  430  faet,  and  the  plateau  of  the  Sacred  Lakes  of 
Manasa  and  Eavanabrada  13  upwards  of  15,000  feet  above  the 
level  of  the  sea. 

South  of  the  Himalayan  chain  and  the  valleya  of  the 
Ganges  and  Indus  are  the  high  lands  of  the  peninsula  of 
India,     These  consist  of  the  plateaux  of  Malva  and  the  Dec- 

•  Hiimboldt.     "Aspects  of  Sature/'  vol.  L  p,  ^9» 
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can,  separated  by  the  Viodhja  range  of  mountttins.  Thej 
are  extensive  and  well  niarUe<i.  Much  of  the  surface  coDsista 
of  eheeta  of  lava  poured  out  under  water^  and  to  this  sg  omng 
the  generally  flat  and  tabular  form  of  the  eountrj',  and  the 
wide  gorges  produced  by  the  action,  of  vrater  on  the  cracks  in 
the  wide  lava  sheet.  The  plateau  of  the  Deccan  is  terminated 
lowsids  the  sea  by  the  eastern  and  western  Ghats.  Tbe 
plateau  la  considerably  low«r  thiin  tbe  mountain  chains. 

Tsble  lands  occur  occasionally  ia  islands.  Thus  the  Faro 
islands  situRtei  due  west  from  Norway  rise  at  once  3,000 
feetj  and  present  nearly  tbe  same  elevation  ia  every  pnrt  of 
the  group.  Even  the  north-west  eitremity  of  Spotlaod,  and 
the  central  part  of  Ireland,  e.thibit  the  same  peculiarity,  hut 
the  elevation  is  much  snialler. 

Africa  couHista  of  a  riug  or  belt  of  table  lands  often  of  eon.- 
sideyable  eltvatioa,  rising  rapidly  from  thfi  coai^tj  or  from  a 
strip  of  low  knds  near  the  const,  and  then  retaiiiing  the  same 
elevation  fur  very  great  distances.  Witbin  these  high  knda 
ara  the  vast  lakes  recently  discovered,  and  it  would  seem  that 
the  chain  of  plateau  is  almost  unbroken  round  the  wbole  coast. 
The  rivers  that  escape  from  the  interior  ape  thus  obliged  to 
traverse  enormoua  djsliaiiceg  to  reach  the  sea.  The  height  of 
the  plateau  is  generally  from  3,000  to  6,000  feet.  At  the 
Cape  of  Good  Hope  in  the  south  the  breadth  of  the  plateau 
is  nearly  700  miles>  and  the  Cape  of  Good  Hope  itself  is  the 
extremity  of  table  land  of  a  pyramidal  form  jutting  out  into 
the  sea.  The  mountains  of  Abyssiinia  on  tbe  north-east 
rise  out  of  the  plateau,  and  so  do  the  e.^tremely  lofty  rolcanic 
cones  recently  discovered.  Tlier^t  appears  to  be  but  one  break 
in  the  high  land,  bistween  tbe  Caps  and  tbe  north -eastern 
eitremity  of  the  continent  of  Africa.  Through  this  the  Zam- 
besi makes  its  way,  after  a  long  course  in  the  interior.  The 
streams  on  the  western  side  south  of  the  equator  appear  to 
drain  chiefly  the  plateau  itself,  not  crossing  it  by  any  natural 
fissure. 

Australia  is  a  country  in  which  low  plains  and  plateaux 
prevail  almost  to  the  exdusion  of  moantaina  and  valleys.  It 
ia  only  on  the  eastern  eide  that  them  is  any  considerable 
mountain  range,  and  along  the  whole  of  the  south  and  west 
coasts  the  land  rises  immediately  to  the  vast  flats  of  the 
interior*  Thua  almost  the  whole  eonntry  partakes  of  the  same 
geographical  features,  and  this  monotony  is  unfavourable  for 
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tlie  development  of  the  higher  vegetable  and  animal  orgHuiBrna. 
The  greater  part  of  ihe  western  and  southeni  side  of  Australia 
eeems  to  consist  of  plateaux  nf  inoclerate  elevation. 

In  north  America  there  are  [ilnteanx  towards  the  norlb, 
□nd  also  betwaen  the  coast  range  end  the  Hockj  Moantains 
on  the  weat  coast.  The  Arctic  highlands,  consisting  chiefly  , 
of  han-en  grounds  bej-oui  the  COib  pnralleh  and  a  somewhat  ; 
esleusive  iratt  crossed  by  tlie  upper  waters  of  the  streams 
that  enter  the  northeru  lakes  (Athahasca,  Winnipeg,  &c.\ 
are  elevated  plains,  hut  hardly  attain  the  character  of  plateaux, 
as  they  rise,  for  the  vno^X  part,  very  gralually  from  the  low 
plains*  through  which  run  tins  Misais^sippi  nnd  ita  triUmtaries, 
By  far  ihe  most  important  of  the  North  American  plains  is 
the  'Great  Baisin'  of  Califoniia  and  Oreoon^  reat;hing^  from 
Mexico  northwards  into  the  Russian  territory.  Its  width  ia 
iniCotisiJerable,  compared  with  the  gr^mt  l£'U(,'^th  of  this  plateau, 
ivhich  cannot  be  fslimateJ  at  ksa  than  ti.OOO  miles,  while  the 
distance  from  the  Sierra  Nevada  to  the  Ftocky  Mountains 
Loivhere  exceeds  000  miles,  and  is  generally  verj-  much  less. 
The  greater  portion  of  it  is  little  known.  It  is  at  least 
I'iSiOUO  square  miles  in  extent,  and  almost  entirely  without 
human  inhabitantB.  It  is  voknnic,  and  full  cf  salt  lakes,  the 
largest  of  which  is  4,^00  feet  above  the  level  of  the  sea,  and 
is  connectei^  with  the  lake  at  Utali.  The  mean  elevation  of 
ibe  plain  is  estimated  at  6,000  feet  above  the  sea.  This  Cali- 
fomtan  plain  or  Great  Basin  eontaina  some  extensive  deserts, 
bttl  is  on  the  whole  tuUivable.  It  is  crossed  by  a  mouutaiu 
chaiuj  and  also  by  the  Colorado  Kiver,  which  rims  through 
gorges  of  the  most  picturesque  majf^iilicence.  The  descent 
to  these  aud  the  other  gorges  and  ravines  which  abound, 
especially  in  the  southern  [mrt  of  these  plateaux,  ia  generally 
eslremelj  precipitous.  The  plains  rise  m  siicceBaive  steps, 
and  this  terrace  character  is  very  distincUj  retained  ovgr  a 
jmde  tract. 

ntral  America  li  remnrkahle  for  the  lofty  and  rich  plains 
esico,  out  of  which  ri^e  many  verj'  lofty  volcimic  moun- 
tains. The  whole  country  lies  between  the  equator  and  tha 
Tropic  of  Cancer.  It  consists  of  an  irregidar  mixture  of  tablfl 
liad  and  mountaiuj  very  ste^p  on  the  M-estem  side,  and  vrith 
low  lands  between  the  eastern  extremity  and  the  Gulf  of 
Mexico  or  Caribbean  Sea.  An  important  part  of  the  whole 
le  table  laud  of  GnatemoJfl — consists  of  titidiiUtivig  ^etiwa^ 
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plains,  about  5,000  feet  above  the  sea^  spreading  east  in  thfl 
peninsula  of  Yucatan,  and  everywhere  intersected  Lv  deep 
vflJieja.  The  land  Is  paitly  covered  by  magnificent  foreats, 
as  its  name  in  the  Mesicfin  latigunge  is  understood  to  imply. 
The  plains  beyood  and  around  Mexico  are  as  much,  as  9,000 
feet  high,  bat  diminish  towards  the  north,  Thej  extend  ia  * 
long  and  narrovr  strip-  to  the  upper  'waters  of  the  Rio  M- 
None. 

la  South  America  there  are  immeroua  lofty  pkteaui,  but 
they  are  more  remarkable  for  height  than  es-teot.  They  are 
situated  in  and  among  the  converging  lineg  of  the  varioos 
divisioBs  of  the  Andes.  One  of  thetn,  the  PesaguArJero,  has 
an  absolute  altitude  of  13,000  feet  above  the  ^en.  It  extends 
for  about  bOO  miles  along  the  top  of  the  Andes,  and  has  a 
breadth  varying  from  30  to  60  miles.  The  wbole  area  is 
about  150.000  square  miles,  It  presents  a  considerable 
variety  of  suilkce.  The  city  of  Potoai  stands  upon  it  at  hn 
altitude  of  13,350  feet,  and  the  lake  of  Titicacia,  whose  lerel 
is  1"2,871  feel  above  the  sea,  is  oq  its  lowest  point.  Tiie 
table  land  of  Quito  is  Buialler,  but  also  remarkable.  It  is 
200  miles  long  and  30  miles  wide,  and  ia  nearly  10,000  feet 
above  the  sea.  It  is  bounded  by  a  range  of  ihe  most  magni- 
ficent volcanic  mountains  in  the  world.  Besides  numerous 
small,  but  lofty  plains,  amongst  the  mountain  chain  of  tlLe 
Andeij,  there  is  a  large  tract  of  bigh  land  on  the  easteni  sida 
of  the  chain  in  Patagonia.  The  Patagoniau  6tepj>es  are  only 
of  moderat*  elevadon.  They  are  at  a  dead  level,  and  cohered 
■with  shingles  to  a  considerable  thickness.  These  stones  hatft 
all  been  brought  down  from  the  Andes,  and  sre  water-worn, 
Over  them  are  innnnierable  boulders,  or  stones  of  larger  size, 
which  have  probably  been  transported  by  ice.  The  vegeta-. 
tion  of  these  plains  is  stunted,  and  they  support  but  a  smalt 
variety  of  animals,  though  the  tribes  moat  abundant  ara 
curious  and  anomalous.  They  are,  however,  extremely  in- 
teresting in  connection  with  the  extensive  low  plRius  of  the 
eastern  part  of  South  America,  which  are  more  remarkable 
and  more  extenaive  than  any  others  on  the  face  of  tlie  globe, 
Ranging  from  latitude  45°  K.  to  13°  N.  laLitudo  without  inter- 
ruption, they  exhibit  a  not  very  ancient  sea-floor  for  a  distance 
of  nearly  4,000  miles  under  circumstances  more  than  uauallj 
favourable  for  examination. 
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The  following  tabular  etalement  of  some  of  the  principal 
liigb  laurts  in  differeBt  parts  of  tbe  woi'lil  is  [mrtly  taken  from 
Hsimbolilt  xo  Ilia  "Aspects  of  Natare^'aod  though  by  no  meaos 
to  be  depended  upoD  &a  an  exact  statement,  is  valuable  for 
reference  ;^- 


Plateau  of  Auvergue  (France)      .... 

1.0S7  feet 

11 

Bavaria  (Germany)     .... 

1,003 

M 

2.ii39 

M 

Mysore  (India) 

3,9-ia 

>• 

L.  Victoria  Nyanza  (Cent.  Africa) 

3,30d 

rt 

Popnyan  (New  Granada).     .     . 

5,75ft 

■9 

Orange  Eiver  {South  Africali      , 

d,a95 

f* 

Axuni  (Abyesiliia)        ,     .     .     . 

7,034 

11 

Mexico  (Central  America)     .     . 

7,483 

M 

9,598 

•  ■ 

Province  de  los  Pastes  (do.) 

10,S31 

>t 

12.000 

■  » 

Desagcardero  (Andes)      ,     ,    , 

13.000 

tt 

Eavftnabrada  (E.  Asia)    .     ,    . 
4. — ^Low  pLiiss. 

15.000 

t 


We  come  next  to  tha  consideration  of  the  low  plains.  Bj 
this  term  it  is  meant,  to  include  such  icomparatlvely  level  sur- 
faces aa  are  little  above  the  level  of  the  aea.  A  v^ry  large 
Iirf>pf)Ttion  of  the  laud  13  in  this  state  ;  and  it  ia,  perhaps,  best 
distinguished  from  the  plateaux, — already  described, — by  ita 
gradual  rise  from  the  sea  to  a  low  elevation ;  whereas  the 
pluteaux  are  lufuer  plains  and  rise  more  precipitously.  Of 
low  lands  there  are  very  extensive  tracts,  absolutely  typical, 
and  about  which  there  can  be  no  doubt.  There  are  alao  large 
districts  of  an  ictermediate  character>  commencing  near  the 
sea  and  insensibly  rising  to  a  higher  level-  These  are  elopes. 
Parts  of  them  may  Eoraetimes  be  regftrded  as  plains,  and  other 
parts  as  plateaux.  Thounh  these  doubtful  and  intermediate 
cases  exist,  thej  do  not  interfere  with  the  possibility  of  drawing 
a  line  between  two  conditions  of  the  eartb'a  surface,  exceediugly 
iiflL'rent.  This  is  the  more  important,  since  the  difference 
greatly  oHecls  climate,  and  the  distribution  of  plants  and 
animELis^ 
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True  it  h,  that  only  m  large  tracts  of  land  do  plains  bhc 
plateaux  attain  dimensions  suEBciently  extensive  to  intlueacfl 
climate  ;  but  after  all,  sucLi  plains  exist  in  alt  the  great  con 
tinentB  ;  and  all  extensive  tracts  of  land  consiat,  for  the  mosi 
part,  of  such  tracts.  Let  ub  consider  some  of  the  most  rO' 
markable. 

In  the  great  coutiuent  of  the  old  world,  where  the  Alps  and 
Himalfljaua,  extending  weatwarda  to  the  Atlantic  aiid  east 
vards  to  the  Pacific,  ceanected  by  important  intermediata 
chains,  divide  the  iiliole  into  two  distinct  parts,  the  iiorthem. 
laQiis  exhibit  plains  and  plateaux  in  all  their  grandeur,  Among 
them,  in  Europe,  are  the  low  Hat  Itmda  of  northern  Germajij, 
knowa  rs  the  Germaitic  plaina?  the  Baltic  plain,  and  the 
Tmidra  of  Scandinavia  and  northern  Russia ;  the  Sarmatiaa 
plain  of  central  Russia;  and  I  he  steppes  of  AstralihuuandLittld 
Russia.  The  Kii^hia  sleppea  and  the  Siberian  plain,  including 
the  plains  drained  by  the  great  rivers  of  north'ern  Asia,  form 
another  group  of  nearly  coTinected  areas  helonf^ing  to  the  class 
of  low  plains  in  Asia  They  are  occasionally  broken  and  di- 
vided by  low  hiilfe,  oa  the  Waldai  hills  in  Russia,  and  even  by 
low  mountain  chains,  of  wbich  the  Ural  chain  is  the  most  re- 
inarhfible;  but  these  rise  to  so  small  ao  elevation  as  to  vanish 
in  comparison  Tilth  the  vast  range  of  low  flat  lands.  Low 
ptftios  are  the  distirguishing  feature  of  the  northeramost  landf 
of  the  old  world.  They  occupy  a  total  area  of  not  lesa  than 
4'|  millions  of  square  miles,  of  which  the  central  portion,  nesx 
the  Caspian  Sea,  amounting  to  cot  less  than  160,000  square 
miles,  is  a  depression  below  the  level  of  the  ocean;  while  anotlier 
portion,  near  the  western  extremity,  woul<i  be  overflowed  but 
for  the  banks  and  dykes  erected  by  man. 

Iq  the  south-east  of  Europe  the  low  plains  ihat  assumft 
thfl  name  of  steppes,  are  highly  characteristic.  Thoy  are  ele- 
vated abomt  flO  feet  above  the  level  of  the  Black  Sea.  Through 
them  several  very  large  rivers  run,  and  they  reach  back  towaRls* 
Iho  Afttic  Ocean  wilh  htUe  interruption,  rising  scarcely  at  all,, 
but  slightly  interrupted  by  very  low  hills.  These  steppes  are 
phenomena  suffieiently  remarkable  to  deserve  n  feu-  wordla  of 
description  ;  and  they  cannot  bo  visited,  even  in  the  most  cur- 
8017^  manner,  without  escitiag  feelings  of  astonishment  on  th* 
part  of  those  hitherto  only  familiar  with  the  broken  suiface  (rf' 
the  greater  part  of  civilized  and  cultivated  Europe, 
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In  these  steppes  the  seasoiia  are  very  Btrongly  marked.  In 
the  spriijg  and  eairlj  summer  the  laud  is  carpeted  by  flowera. 
In  the  summ<!r  it  becomes  partbed,  after  jieldicg  as  ftwd  ur 
hay  a  fair  supply  of  mixed  gi'assea,  which  may  be  stored  for 
■ninter  use  ;  Imt  m  the  Jatter  part  of  summer  and  autumn 
it  is  perfectly  hare  and  burnt  up.  In  winter,  which  begins 
in  October,  the  whole  srea  becomes  covered  with  snow,  and 
this  Temaios  until  spiitig.  There  are  no  trees  on  those  great 
plaina,  and  do  emilosiires  of  any  kind ;  but  at  intenala  the 
Barfice  ig  broken  by  hollows  scooped  out  of  the  phiiii,  to  a 
depth  varying  generally  from  50  to  100  feet ;  aod  in  moat  of 
these  aie  Tillsges,  and  some  cultivation,  especially  on  the  bor- 
ders of  the  plain  and  in  the  vicinity  of  the  caoht,  or  of  the 
great  rivera.  There  are,  however,  no  road  a,  and  indeed  there  is 
no  matenal  for  makiug  them.  One  may  travel  for  hundreds  of 
miles  over  the  level  surface  of  the  ground, — over  the  tuff  in 
spring,  through  the  thick  dust  in  eummer,  and  over  ih& 
snow  in  vrinter, — without  seeing  a  single  olject  rising  above 
the  general  surface  of  the  plain.  The  post  hotisea,  at  equal 
and  distant  intervals,  are  the  only  signs  of  humanity  and  civi- 
lization ;  and  the  cry  of  tbe  bustard  is  one  of  the  few  sotmda 
that  break  the  terrible  monotony  and  stillneBS,  The  dead 
level  of  thin  posture,  even  if  luxuriant,  BOon  fatigues  the  eye  ; 
Qnd  Vihea  the  horses  and  cattle  are  away  there  is  absolutely 
nothJEg  for  the  eye  to  rest  upon.  The  travelling  across  the 
steppes,  conducted  with  great  rapidity,  in  a  kind  of  light  cart, 
is  thus  not  e&  diCBcult  aa  it  is  tiresome.  But  it  is  only  aafts 
in  summer ;  and  when  the  snows  cover  the  ground,  not  only 
does  it  become  dangeroua,  from  the  wolves  who  take  refuge  iji 
the  hollows,  but  almoat  impossible,  owing  to  the  absence  of 
latidmarks.  It  is  understood  that  au  entire  corps  d'annh  was 
lost  in  the  steppes  between  the  Dneiper  and  the  Don,  while 
attempting  to  reinforce  the  Russian  army  in  tlie  Crimea,  dur- 
ing tlie  war  with  England  and  France.  Throughout  the  south- 
ern pan  of  the  steppes  and  in  much  of  tbe  country  to  the  east, 
there  is  either  a  thin  soil  <ir  no  soil  at  all-  This  condition, 
however,  gives  place  in  the  Interior  to  a  ramarkable  and 
eitremely  important  black  soil,  of  extraordmary  richness 
capable  of  yielding  inexhaustible  supplies  of  wheat  without 
any  artificial  treatment  of  any  agriculture,  except  of  the  rudest 
kind.  These  partf?!  of  the  steppes  now  supply  enormous  quan- 
tilicB  of  com  to  the  great  markets  of  the  world;  aadvihftu.o^fc'ofi.i, 
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ea  they  soon  will  be  ranch  mora  completely,  by  railroads  and 
sljeam  navigation  on  the  great  rivers,  it  13  certain  that  both 
Bussia  autl  the  rest  of  Europe  will  be  great  gainers-  A  wide 
muge  of  the  plains  is,  however,  hopeksaly  barren,  and  all  of 
them  depend  much  on  the  occasionttl  rains.  Wlien  tiiese  fail 
the  heat  is  excessive,  and  the  sun  rises  and  sets  like  a  globe  of 
fire,  while  during  the  day  a  thick  mi&t  covers  the  eanh.  The 
drought  soon  hecomea  excessive, — the  small  eupplies  of  water, 
found  at  other  seasons  in  the  hollows,  fail  altogether;  the 
air  is  filled  with  dust  and  impciIpaUe  powder ;  and  the  cattle 
and  horses  perish  by  thoueauds.  In  the  winter  the  case  is 
equally  bad :  fearfiiil  atomis  often  sweep  OTer  the  deyokle 
phiina  ;  the  dry  snow  is  driven,  by  the  gales  with  a  violence 
which  neither  man  nor  animal  can  resist ;  but  the  sky  remains 
bright,  and  the  smn  shines  cold  and  clear  in  the  blue  vault  of 
heaven.  These  storms  are  especially  frequent  in  the  vast 
Ara!o  Caspian  plaiu,  which  ia  depressed  below  the  general 
le^el  of  the  sea,  and  which  is,  to  a  great  extent,  an  ocean  of 
shiftiug  sand. 

The  Siberian  portion  of  the  low  plains  of  the  great  conti- 
nent oeeupies  more  than  seven  millioas  of  square  miles*  and 
is  partly  covered  by  rich  blach  soil,  on  which  gra^^s  and  trees 
grow  with  luxuriance.  Other  and  larger  portions  are  altogether 
barren,  and  the  whole  tract  ia  rarely  visited.  It  includes 
plains,  varying  from  a  few  feet  to  as  much  as  l.'^OO  feet  above 
the  sea ;  but  tbe^e  are  all  pert'ectly  distinct  from  the  plateaux 
or  hiyh  plains,  whose  level  is  from  6,000  to  lO.OUO  feet. 

Almost  the  whole  of  northern  Asia,  to  the  north-wcat  of  the 
volcanic  chain  of  Thianachau;  all  the  steppes  north  of  the 
Altai  momatains,  and  a  wide  range  of  country  reaching  from 
the  Upper  Oxus  to  the  Caspian,  and  from  Tanghir  through 
the  Kirghia  steppe  to  the  Sea  of  Aral,  belong  to  this  vast  sys- 
tem of  plains.  The  wliole  of  the  Irtyath,  and  almost  all  the  Obi, 
nins  through  thetji ;  while  the  Yenesei  and  the  Lena,  hardly 
inferior  in  magnitude^  are  also  included  in  the  same  great 
system  of  low  lands.  The  plains  of  Hindustan,  between  the 
flanks  of  the  Himalayans  and  the  table  land  of  Malva,  are  also 
of  the  same  nature, 

Within  the  great  area  of  elevated  land,  of  which  the  moun- 
tain systems  of  the  old  world  aro  the  culmiuatiug  lines  and 
pouits,  there  are  some  tracts  of  low  plains  which  belongs  how- 
ever, more  to  ralleys  tlian  to  plains.    To  the  south  of  the  chain 
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i  some  others  of  greater  tmportaTice.  The  largest  of  tbesa  ia 
the  plateau  of  the  SaJiara,  or  great  desert  of  Africe,  reaehiny 
from  the  Nile  vallej  to  the  shores  of  the  Atl&iitic  dong  a  dis- 
tance of  :2,500  miles,  with  a  bieadtli  which  at  cue  point  RmouutB 
to  1,300  miles.  It  Is  estimated  that  t>TO  millioDs  of  square 
miles  of  land  are  contained  within  the  area  occupied  by  this 
plateau ',  and  several  portions  of  it,  some  of  cousiJerahle  eitent, 
are  barely  above  the  level  of  the  Mediterranean.  The  Rreater 
part  of  the  plateau  ia  unauppUed  with  water,  htit  the  low  plains, 
called  oases,  are  generally  provided  with  springs,  ivhich  often 
rise  to  the  surface,  and  wliich  are  supplemented  by  water  ob- 
tained by  artificial  borings.  Mo&t  of  these  are  on  the  eastern 
or  Lybian  side  of  the  desert,  and  the  largest  is  a  hundred  milies 
longf  and  from  one  to  fifteen  miles  in  width.  The  others  are 
much  smaller.  Those  of  the  western  desert  are  smaller,  and 
mucli  of  this  surface  is  covered  with  salt,  owing  to  the  evapora- 
tion of  the  water  of  brine  springa  that  rise  through  the  lands. 
The  larger  tracts  of  real  desert  arc  without  plant  or  animal — not 
even  an  inaect  is  hemd,  and  no  tree  or  shrub  is  seen,  durinf^ 
many  daya'  travel.  In  the  glare  of  uoou  the  air  quivers  with 
the  heat  i-eflected  from  the  red  sands  ;  but  the  nights  and  early 
momitigs  are  chilly,  oaring  to  tlie  radiation  into  the  cloudless 
eky.  The  traveller  is  frequently  deceived  by  estraordinary 
refraction,  or  mirage,  produced  by  the  irregular  heating  of 
certain  E5trQta  of  the  air  above  these  vast  plains.  Water  is 
apparently  seen  iu  large  pools ;  aad  the  traveller  and  hia 
camel  are  induced  to  hnrvy  on  in  search  of  euppHea  whiuh  do 
not  exist  wiLhia  hundreds  of  miles. 

The  desert  of  Arabia,  though  smaller  than  the  Sahara,  is 
hardly  less  remarkable^  Unlike  the  Sahara,  it  occupies  au  in* 
termediate  position  betTveeu  plateaux  and  low  plains,  It  has 
been  descrilied  by  Mr.  Palgi'ave,  a  recent  traveller,  who  has 
Eucceeded,  not  without  great  difficulty,  in  penetrating  this  little- 
known  country.  He  ispeaks  of  it  aa  "an  immense  ocean  of 
loose  reddish  sand,  unlimited  to  the  eye,  and  heaped  up  in 
enormous  ridgts,  running  pamllel  to  each  other  from  north  to 
south,  undulation  after  uodmlation,  each  swell  about  200  or 
300  feet  m  average,  witii  stout  sides  and  rounded  crests^  fur- 
rowed in  every  direction  by  the  capricious  gales  of  the  desert. 
In  the  depth  botweeuj  the  traveller  finds  himself,  as  it  were, 
imprisoned  iu  a  suffocating  sandpit,  hemmed  in  by  burning 
trails  on  eveiy  side ;  while  at  other  times,  while  labovii'D^  ii\j 
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the  &Iope,  he  overlooks  wbat  seems  a  vast  st 
under  a  heavy  moasoon  wJud.  and  ruffled  hj  a  hot  blast  into 
little  red-hot  waves.  Neither  shelter  nor  rest  for  eye  or  limb 
amid  the  torrents  of  li[^Iit  and  heat  poured  from  above  on  aa 
unanaiverable  glare  refliect<?d  below." 

Thr&ugh  this  desert  the  way  leads  to  the  central  plateau 
of  Arabia,  This  plateau  is  formed  by  t^o  naountain  ranges 
and  tbe  plateaux  failing  off  from  them.  The  northernmost  of 
these,  consisting  of  twu  parallel  ridgea,  rimning  from  north- 
east to  south-west,  from  4.0  to  44  degrees  E.  lougitude,  is 
Djebel  Shomer.  The  more  southerly  range,  Djebel  Jowrjk, 
separated  from  tbe  former  by  a  narrow  belt  of  desert,  and 
running  crescent-sbaped  from  noHh  by  south  to  west,  ocoupiea 
more  than  four  times  tlie  extent  of  the  first,  and  forms  the 
backbone  of  Anibia. 

According  to  Mr.  Palgrave,  the  northerly  portion  of  central 
Arabia  compriaes  a  population  of  450,000  souls,  of  Tvhom  two- 
thirds  are  eettled,  while  the  rest  are  nomads. 

Several  traets  in  the  very  centre  of  Africa  consist  aUo  of 
low  plains.  Through  these  pass  the  waters  that  drain  into 
the  interior  from  the  coast  rangea,  and  afterwBrda  issue  in  one 
large  stream,  much  of  which,  however,  is  lost  before  it  reaches 
the  Indian  Ocean.  The  whole  of  central  Africa,  south  of  the 
tropics,  may  be  described  a.s  an  outer  line  or  belt  of  very  high 
lands,  and  an  inner  arena  of  low  plain.  In  this  respect  Africa 
difTers  essentially  from  all  the  other  large  tr^^cte  of  land,  except 
Australia. 

North  America  has  very  extensive  low  plains,  under  the 
name  of  prairies  or  savannahs.  These  ocunpy  in  all  about 
2^  millions  of  square  niilea,  and  have  been  divided  into 
three  classes,  extremely  different  in  climate,  in  general 
aspect  and  in  productions.  The  varieties  are  (1),  heathy  or 
busby  plains ;  (3),  dry  or  rolUD}^  prairies,  cliiefly  grassy,  and 
often  very  extensive  ;  and  (3\  alluvial  or  wet  pmirie,  abound- 
ing in  pools  and  frequeuted  by  the  gigantic  deer  and  by  wild 
horses.  Among  these  are  extensive  plains,  once  occupied  en- 
tirely by  forest  vegetation, — but  these  have  been  frreatly  reduced 
in  eJl  accessible  places.  Vast  tracts  of  sand  covered  with 
pine,  called  'plne-harrEiiR,  occur  on  the  Rcuth-eastem  side  of 
the  eontuient.  The  mde  apread  of  savannahs  on  the  banks  of 
the  Mississippi  ara  covered  with  long  grass  in  the  north  and 
with  a  few  trees  in  the  south,  wherever  the  deep  black  soil  is 


not  taken  [Ldvftnla|T0  of  for  profitable  cultivation.  The  expanse 
lo  llie  west  of  these  aavanrmhs  h  unfit  for  cuUivation.  and  is 
called  the  American  J«5erE.  It  is  crossed  by  the  upper  WHteM 
of  all  the  g;reftt  feeders  of  the  Arkansas  and  the  MisHouri, 
both  of  which  belong  to  the  Mississippi. 

In  the  north  the  shores  of  Hudson'a  Bay  to  a  distanCie 
varying  froni  i^OO  to  700  miles  are  all  low  lands,  and  form  the 
great  northern  plains  of  America,  which  correspGiid  with  the 
northern  plains  of  Asia,  Thus,  the  northern  hemisphere  con- 
tains a  vast  preponderance  of  low  Hat  lauds  towards  the  pule, 
whose  general  level  is  less  than  50Q  feet  above  the  sea.  'J'hese 
are  rarely  interrupted  in  any  way,  either  by  hilla  or  plateaus , 
and  They  are  wutered  by  innumerablo  etrcams,  often  en- 
larging into  poola  and  small  lalies.  The  streams  often  dis- 
appear in  an  almost  insensible  manner,  being  lost  beneath 
shuals  and  sands,  that  sometioies  aeem  to  have  been  rei^ently 
CQvereil  with  water,  but  that  aje  mare  frequently  in  the  way 
of  being  converted  into  similar  ewamps  to  those  already  ex- 
isting in  this  part  of  the  world. 

South  America  is  pre-eminently  a  knd  of  plains.  Of  these 
the  Llanos  of  the  Orinoco  and  the  Amazons  in  the  north,  and 
the  Pampas  of  Brazil,  Bu&nos  Ayres  and  Fatagouia,  are  eiqually 
marvelloas  for  their  extent,  their  condition,  and  their  products. 
Each  requires  some  little  description  to  familiarise  the  reader 
with  the  various  phenomena. 

Of  the  Lianog  there  are  two  kinds;  the  SllTftS  or  forest 
plains  and  the  Llanoa  proper^  which  are  entirely  destitute  of 
trees.  Parts  of  the  latter  ara  called  the  Llanos  AUm,  and 
form  a  very  low  barren  plateau,  but  the  greater  portion  are 

The  Sih'ris  are  those  portions  of  the  plains  watered  by  the 
Amazons  that  are  occupied  exclusively  by  forest  trees.  There 
is  more  than  a  millien  of  square  miles  of  such  country,  of 
whitih  at  least  a  fifth  part  is  annually  inundated.  The  whole 
is  covered  with  thick  wocd,  interpenetrated  by  innumerable 
CTeeping  aud  trailing  plants,  The  forest  comes  down  to  the 
water's  edge,  aud,  owing  to  the  amount  of  rain-fall,  which  is 
excessive,  the  iDlenae  tropical  heat,  and  an  inconceivably  rich 
soil,  derived  largely  from  decomposed  vegetation,  the  condi- 
tions of  life  are  favourable  in  the  highest  de;::;r€e  for  certain 
kinds  of  plants  and  some  animals,  but  quite  unfavourable  for 
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bcr,  are  sDnk  in  the  lowest  bflrlMinsm,  and^  hitherto,  it  haa 
teen  found  impossible  to  eataliHsh  setllements  of  importance 
hj  white  men.  although  the  river  U  navirjable  and  tWa  are 
many  e\tremelj  ■valuablo  products  growing  abundantly  in  the 
forests. 

The  * '  Lknos  proper"  commence  on  the  banks  of  the  Oriooco, 
ivhei'e  that  stream  connects  by  &  natural  canal  with  the  Rio 
Negro  of  tVie  Amazons.  The  width  giMdiuEillj'  increases  towards 
the  Gulf  of  Mexico,  and  in  this  part  thej  occupy  nearly 
350,000  square  miles.  A  very  small  part  of  the  delta  of  the 
Orinoco  is  wooded,  but  the  rest  is  only  covered  witli  oi^casionul 
growth.  The  whole  lies  between  the  equator  and  tho  tenth 
parallel  of  north  latitude,  and  corresponds  exactly  in  position 
with  the  Silvas,  which  lie  between  t\in  equator  and  the  tenth 
parallel  of  south  latitude.  The  conditions  are,  however,  some- 
wliat.  diRerent.  The  banks  of  the  Orinoco  rise  gently  towards 
the  interior,  but  only  nt  the  rate  of  five  feet  in  a.  mile.  At  the 
i^istnnce  of  a  hundred  miles  fn^jm  the  river,  and  at  an  elevation 
of  500  feet,  there  ia  a  succession  of  low  banks  about  six  feet 
above  the  slope,  and  these  extend  for  a  conaiderabls  distance, 
forming  a  sandy  terrace  upon  open  limestone  rock,  generally 
barren,  but  bearing  some  gmfses  and  supplying  water  to  the 
plains  below.  Tliiis  barren  and  comparatively  small  part  of  the 
Llanos  is  called  the  "  Llanos  Altos,"  and  occnpy  the  northem- 
niost  portion  of  the  South  American  coast. 

The  larger  and  more  level  Llanos  lie  along  the  base  of  tho 
rocky  elevations,  which  commence  with  the  chain  of  the  Andes 
and  extend  from  the  equator  to  latitude  Q°  N.  Though  diotc 
distant  from  the  ocean,  these  are  lower  than,  the  portions  just 
described.  They  commence  at  an  elevation  of  yii-l  feet  above 
the  sea.  and  only  rise  to  500  feet  aa  a  maximum.  They  are 
80  nearly  level  that  the  currents  of  the  rivers  croasing  them 
are  imperceptible,  and  the  waters  of  each  are  sent  back  towards 
their  sources  by  strong  winds  or  by  the  occasional  Hoods.  In 
these  pUius  there  ai'e  no  stones  or  rocks,  not  even  a  pebble  to 
be  seen,  nud  in  this  respect  tliey  agree  with  the  Steppes  of 
Little  Russia  and  Tartary.  There  m-e,  also,  no  ineqmalities 
except  some  low  hills  of  sand  rising  a  few  yards  above  the  com- 
mon lovel,  and  some  slightly  elevated  grounds,  having  an  area 
of  about  a  hundred  square  nailes,  only  discoverable  by  a  prac- 
tised eye,  and  whose  smface  is  also  perfectly  level.  The  rock 
is  a  mixture  of  Eacd  and  caJcareous  rock,  but  is  covered  with 
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lould.  Grass  grows  freely  upon  it^  but  there  are  nsUhor 
trees  nor  bashes,  except  a  few  isolated  palm  trees  ot  great  dis- 
tances apart,  and  a  few  bushes  on  the  biinks  of  the  streams. 
Thej  eiogtilaily  resemliSe  in  ibis  the  conditions  nf  ibe  Earo- 
pean  low  lands,  but  bave  received  kss  modifiicfttion  from  the 
hands  of  man. 

The  Pamjms  are  treeless  pbiina,  esteoding  from  about  20o 
S.  latitade  into  Pataponia,  occupying  a  tutal  length  of  more 
than  '^,000  milea.  The  breadth  varies  greatly,  but  is  in  few 
plares  kss  tliau  500  miles,  and  snme'limeB  more.  The  area 
included  is  not  less  than  a  million  of  square  milea.  Com- 
meucing  within  tbe  tropics,  and  reaching  to  tha  40tb  degree 
of  south  Jalitnde,  these  plains  etretL-h.  across  the  greater  part 
of  the  south  letaperate  aone,  and  are  thus  exposed  to  much 
Tariely  of  climate.  The  aorthorn  part  is  crossed  by  the  tri- 
butaries of  the  Plata,  hut  to  the  south  of  Buenog  Ayrea  the 
rivers  are  fewer  and  emaller. 

The  north-western  Pampas  consist  of  slightly-undulating 
and  drj  plains,  covered  with  lu.'Euriant  grass,  and  having  occa- 
sionally €^normou9  tracts  occupied  by  thistles,  which  grow  to 
the  htight  of  eij^ht  or  ten  feet,  and  which  are  useful  us  fuel. 
Beyond  these,  to  the  west,  k  an  extensive  pastoral  district, 
and  still  beyond  an  agricultural  district.  The  surface  of  the 
forroer  is  ti:lmi_>st  everywhere  a  dead  level,  but  large,  nballow 

It  lokes  occtu"  in   deprefisions  of  no  great  depth.     One  of 

lese  Jakea  measures  50  miles  in  length  by  '^0  miles  in  width, 
lUt  the  others  are  s mull er.  Tlie  soil  is  good,  consisting  of  a 
dark  friable  mould,  without  pcbbbfs.  There  ia  no  gjowth  of 
trees,  and  no  pisriuanent  water-courses  irrigate  rite  soil.  ThiR 
part  of  the  Pamp^  alTords  admirable  feeding  ground  for  horsep 
and  cattle,  which  were  introduced  by  the  Spaniards,  ami!  have 
replaced  tlie  llaroa,  which  ■nas  the  indigenous  I'umiuaiit  of 
the  South  Araerican  plains.  It  has  been  estimated  that  a. 
million  of  wild  cftttle  and  three  million  horses  are  fed  on  these 
plaina. 

The  agricultural  dlstrictis  less  level  than  the  pastoral. the  soil 
consisting  of  loose  sand  impregnated  with  saline  ni  alter,  and 
beiugquite  unfitted  for  the  growth  of  the  gra-^ses.  When  irri- 
gatedjhowBver,  it  becomes  fertile,  and  is  well  adapted  for  fruit 
trees.  Towariis  the  north  these  lands  pass  into  a  salt  desert, 
■which  15  a  wide  plain  reaching  northwards  ahout  l-'iO  mdes,  and 

ivins  a  breadth  of  about  aOu  mlhs.    The  whole  oi  iViiaislCTtV 
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Qnd  smooth  as  a  floor,  find  is  snow-wbite  with  salt  JBcrusta- 
tions.  Little  rain  falls,  dews  are  uakoown,  and  the  treeless 
and  shruLless  waste  is  bioken  dqIj  by  a;  few  stunted  ftbd  leaf- 
less bushes. 

South  of  the  river  Salado  the  land  consists  of  a  number  of 
etep-lilte  terraces,  running  north  and  south,  each  slightly  rising 
10  the  south  and  west  These  steps  ate  genemlly  sterile,  i>ui; 
soint!tinie&  covered  with  verdurt!,  especially  in  the  juontha 
which  in  that  latitude  are  spring.  The  surface  is  diversified 
hy  huge  boulders,  tufts  of  brown  grass,  and  low  bushes  ariiied 
with  Bpines.  There  are  numerous  brine  lal^es  with  white, 
Buowliko  incrustations  of  ealt.  There  are  also  platforma  of 
black  lara,  like  plains  of  iron.  In  these  plains  there  are  in- 
lersecting  streams,  bat  water  fails  to  fertilise  tlie  soil.  The 
transitions  from  heat  to  cold  are  rapid  in  the  extreme,  and  very 
great.  Piercing  winds  also  rush  in  hurricanes  across  the  dis- 
trict, The  nonheily  extremity  forming  the  Pampng,  of  Buenog 
Ajres  are  somewhat  more  irregular  in  surface,  but  dry.  Tlie 
Gouthem  part  is  largely  occupied  by  swamps  and  lagoons,  one 
of  ihem  having  an  area  of  more  than  1,000  square  miles* 
covered  entirely  by  aquatic  plants.  These  swamps  are  liable  to 
be  flooded  bj  the  riviera,  which  also  inundate  the  plains,  de- 
stroying viast  numbers  of  cattle,  but  leaving  behind  thick  beds 
of  fertilising  mud.  All  these  Pampas,  therefore,  differing  as 
Ihey  do  in  position,  climate,  soil,  and  surrounding  circum- 
stances, have  certain  characters  in  common  connecting  them 
with  the  low  plains  in  other  parts  of  the  world,  both  in  the 
great  continent  and  in  America. 

Australia,  in  Bome  respects,  tesemblea  Africa,  in  having  ex- 
tensive low  plains  in  the  interior  of  the  country ;  but  differst 
inasmuch  as  there  is  but  little  elevated  land  near  the  sea. 
The  exact  level  of  many  of  the  great  table  lands  of  Australia 
is  not  yet  known>  and  a  lar^e  extent  of  the  vast  interior  may, 
perhaps,  be  sufficiently  above  the  level  of  the  sea  to  deserve 
hein"  called  plateaux  rather  than  plain.  Towards  the  eoulh, 
however,  there  is  a  well  known  sheet  of  water,  called  Lake 
Torrens,  which  is  often  nearly  or  quite  dry.  Eound  this,  and 
far  into  the  interior,  iB  a,  level  tract  not  very  much  above  tha 
sea  level,  and  plains  almost  unbroken  raflge  to  an  unknown, 
distance,  rising  gradually  into  plateaus. 

There  ore  many  other  low  plains  of  smaller  exteat  in  dif- 
ferent parts  of  the  world.     Such  are  the  deltas,  at  and  near 
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iha  TDouths  of  rivera  ;  others  are  large  level  tracts,  more  tn 
the  interior  of  islands  and  continents  ;  but  all  have  tlie  same 
general  chatactera^  In.  a  ve^  liarge  number  of  the  most  ex- 
tensive of  these  ploitis  salt  abounila.  Either  there  are  salt 
iecruatatioua  or  the  waters  are  brackish.  Where  this  is  Bot 
the  case,  there  are  often  barren  sanda  or  nalted  rockj  without 
soil.  But  where  there  is  Eoil  and  a  certain  amount  of  moisture, 
either  extensive  forests  cover  the  ground  or  there  is  aii  acnual 
growth  and  auccession  of  grassea.  The  eaJine  character  uf 
th&  soil  and  water  does  not  prevent  a  large  amoimt  of  vegeta- 
tion, but  it  grefttly  interferes  with  cultivation,  as  such  diatricts 
are  rarely  habitaljla  by  any  races  of  civilised  man. 

Among  the  smaller  tracts  of  low  plains,  those  strips  which 
occur  on  the  nonh  and  east  coasts  of  South  America  are,  per- 
haps, the  Eioat  importfliit.  Connected  with  the  forest  plains 
of  the  Amazons  and  the  Llanos  of  the  Orinoco,  they  extend 
almost  nninterruptedly  from  the  mouths  of  the  Orinoco  to  Rio 
Janeiro  for  about  3,000  miles  ;  aud  then,  with  an  inlerv&l  of 
600  miles,  there  is  another  strip,  aOO  T\i\les  long,  to  the  mouth 
of  the  Plata.  The  breadth  is  rarely  150  miles,  and  not  gene- 
rally so  much  as  100,  while  in  many  places  it  is  less  than  SO. 
BeyoTjd  them  rise  the  raouuiain  masses  of  Guyana  towsrds  the 
noith,  and  Brazil  towarda  the  east.  They  are  ci-cssed  by  in- 
numerablo  etreams,  running  doflU  from  the  mountain  sides  to 
the  ocean. 

As  a  general  conclusion  to  this  notice  of  hills,  low  pltiins. 

d  table  lands,  it  may  be  vtelt  to  recall  to  the  reader's  at- 
tention the  fact,  tiiat  the  most  remarkable  low  plains  are  on 
the  easlei-n  side  of  South  America,  nhtre  the  geological  struc- 
ture indicates  modem  deposits  oti  the  most  gigautic  scale. 
The  low  plainB  of  the  old  world,  only  second  in  importance, 
are  also  chiefly  iha  floors  of  se^s,  from  which  the  ocean  has 
not  long  receded.  On  the  other  hand,  the  high  plains  are 
chiefly  amongst  or  near  the  great  axes  of  elevation,  both  in 
the  old  nad  new  world.  They  are  very  extensive  and  strongly 
marked,  both  on  the  north  side  of  the  great  mountain  chain 
of  Asia,  as  in  Thibet^  in  the  desert  of  Gobi,  in  Persia,  and  in 
Arabia.  They  extend  in  a  similar  way  from  Arabia  to  Abys- 
sinia. In  Africa  they  present  a  new  feature ;  and  instead  of 
forming  belts  on  eacli  side  a  lofty  mountain  chain,  they  form 
a  wide  ring,  round  a  depression  of  very  remarkable  character. 
In  Amtralia  their  position  is  similar. 


In  America,  we  aee  the  old  peculiftritiee  recur,  though  in  a 
very  limited  mftnner.  There,  the  position  of  the  hi^h  plains 
corresponds  with  that  described  as  characteristic  of  the  Iberiaa 
peninsula ;!  not  witli  the  plutenux  of  Iran  and  Thibet.  In 
other  words,  they  occur  within  the  elevated  area,  not  on  its 
oiitskirtg.  These  plains  are  very  sniHll  in  dimensions,  com- 
pared with  those  of  Asia,  font  they  are  vety  lofty  and  very 
charjicterist.ic. 

The  plains  of  the  earth  are,  beyond  qaestioQ,  tlie  most,  im- 
portaot  portions  of  its  surface,  in  reference  to  organic  lifeof  alt 
kinds.  They  include  the  ralleys  of  the  principal  rivers,  which 
are,  in  fact,  but  high  or  low  plains  travei-sed  by  streams. 
Growing  and  living  habitually  in  the  valleya  and  on  the 
plums,  yre  alraoat  aJl  the  great  varieties  of  form  of  vegetable 
growth,  almost  all  tlie  insects  and  other  land  icvertebrata,  and 
most  epeciea  of  reptiles.  The  innumeralli?  birds  tlmt  people 
the  air  find  habitations  in  the  forests,  or  feed  on  the  fruits  of 
these  comparatively  sheltered  districts,  and  except  where  the 
soil  is  only  bare  hard  rock  or  loose  sand,  where  no  rain  falls, 
or  where  salt  incrustations  cover  the  surface;  there  is  always 
life  in  some  form. 

Many  of  the  plains,  also,  are  specially  marked  hy  soma 
vegetjition,  or  by  some  tribes  of  animals.  The  Asiatic  plains 
fire  richer,  in  this  respect,  thau  the  American,  and  the  tropical 
plains  are  characterised  by  mnd^s  of  [growth  different  from  thoBS 
common  in  temperate  latitudes.  Thu8  the  former,  or  Asiatio 
steppes,  exhibit  nnmerous  fioTvenng  herbaceous  plants,  while  in 
the  tropics  there  is  a  tendency  in  sll  vegetation  to  become 
a/bflrescent.  In  the  Steppes  of  Little  Rus^^ia,  both  in  Europe 
and  Asia,  and  in  the  Pumftfis  of  South  America,  thistles  grow 
to  such  enormous  magnitude,  and  in  such  abuntlanee,  that  at 
certain  seasons  they  overtop  and  exclude  all  other  plants.  In, 
northern  Europe*  heaths  replace  all  others.  In  the  desert, 
the  cactus  alone  eshibita  Hfe.  In  South  America,  the  plains 
are,  at  one  time,  without  signs  of  life  of  any  kind  ;  at  another, 
so  densely  covered  that  it  is  difficult  to  comprehend  the  possi- 
bility of  a  change  so  startling,  produced  in  so  incredibly  short  a 
time  as  is  needed  for  tlte  transformation.  All  that  is  most 
important  in  life  is  done  on  the  plains  and  in  the  valleys,  and 
thus  these  parts  of  the  earth  need  very  close  and  careful  con- 
sideration, if  we  would  understand  Nature's  method  in  adapting 
the  earth  to  lire  purposes  of  existence. 
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Ifl  homan  Mstoiy,  also,  plains,  steppes  ami  pkteaux  pos 
■698  their  own  special  races.  Tlie  inhabiuots  uf  the  higher 
Iftnds  have  proved  effective  barriers  to  the  mixture  of  races^ 
aud  they  have  pouretl  down  their  hardy  iohabitauts  to  conquer 
and  cliange  the  deatinies  of  tlie  peoplea  of  the  low  plmns. 
Mauy  timea  iu  the  history  of  the  human  race,  have  these 
results  been  kiiuvi-u  to  have  takea  place,  by  the  eviJence  of 
written  records.  How  ufteu  the  same  result  has  taken  place 
before  WTitteu  retorda  existed,  may  be  guessed  at,  hut  will 
never  he  kDowu,  "The  pastoral  nations  of  the  Steppes, — 
Moguls,  Getaj.  Akni,  aud  Usuui, — have  shaken  the  world. 
As,  in  the  oourseof  pai^t  ageSj  early  liitellectual  light  hta  como 
like  the  cheering  light  of  the  suu  from  the  East,  so,  at  a 
later  period,  from  the  same  direction,  barbaric  rudeness  has 
threatened  to  ox-erspread  and  involve  Europe  iu  darkness. 
A  brown,  pastoral  race  of  Tukiuish  or  Turkish  descent,  the 
Hiong-nu,  dwelHjig  iu  teiita  of  skins,  inhabited  the  elevated 
Steppe  of  Gobi.  Long  terrible  to  the  Chinese  power,  a  part 
of  this  tribe  was  driven  back  to  central  Asia.  The  shock,  or 
impulse  thus  giren,  passed  from  nation  to  nation,  until  it 
reached  the  ancient  laud  of  the  FiuuSj  near  the  Ural  moun- 
tdns.  From  thence,  Huna,  Avari^  Ghazares  and  various 
admixtTirea  of  Asiutic  races  broke  forth.  Amuea  of  Huua 
appeared  successively  on  the  Vtjlga,  in  Panuoiiia,  on  the 
Marne,  and  on  the  Po,  desolatint^  these  fair  and  fertile  fields 
which,  since  the  time  of  Antenor,  civilised  men  had  adorned 
with  monument  after  monument.  Thus  went  forth  from  the 
MongoJian  deserts  a  deadly  blast,  which  withered,  on  Cisalpine 
ground,  the  tender,  long  cherished  flower  of  art.'* 

*  Humboldt's  "Aspects  of  STature."    Sabme's  TmnElntLon,  p.  S. 
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So  large  a  part  of-  the  earths  surface  is  covered  by  water — so 

importnnt  are  all  the  plieiioraena  connected  with  this  condition 

—so  influentiu}  is  the  presence  of  this  aqueous  sheet  on  tha 

yjrhole  hifitoiy  of  the  globe,  both  ancient  and  modem,  that 

verythiug  having  reference  to  it  is  interesting  and  valuable. 

Ve  shall  endeavour,  iu  this  chapter,  to  britig  togathef  the 
principal  facts  that  have  been  determined  with  regard  to  the 
extent,  form,  and  depth  of  the  various  oceans ;  the  salts  and 
other  aohds  held  in  solutina  ;  the  temperature  of  the  water ; 
tnd  its  movements,  llie  latter  may  be  superficial  and  tern- 
ary, aa  wind  and  atorm  waves ;  or  affecting  the  whole  mass 

ad  constant,  aa  marine  currents ;  or,  lastly,  affecting  the  whole 

a,  but  periodical,  as  the  tides.     Tlie  great  expanse  of  ocean 

eludes  many  partially  eucloaed  seas  of  very  dilFereut  dimen- 

0O9.     All  arej  however,  connected  together,  and  all  are  sub- 
ject to  the  Same  general  conditions  and  laws. 

We  have  already,  in  speaking  of  the  land, — of  the  form  of 
the  continents  and  their  limiting  coasts, ^pointed  out,  in  Bomo 
me^ure,  by  inference,  the  great  barriers  that  enclose  the 
ocean.  We  must  nov,  however,  recapitulate  th*se  to  indi- 
cate the  form  and  dim^naions  of  the  tractfi  of  water.  There 
ia  really  but  one  gi'eat  ocean,  covering  so  much  of  the  earth  as 
does  not  rise  above  a  certain  level,  and  the  three  great  masses 
tijid  numerous  smaller  tracts  of  land  that  rise  above  tbis  level 
are  the  continents  and  islanda.  Owing  to  the  "position  of 
the  land,  we  have  the  water  divided  into  two  unequal  parta,  the 
Pacific  Ocean  and  the  Atlantic  canal.  The  former  ia  broad, 
open,  and  uninterrupted ;  the  latter  is  comparatively  narrow  and 
shut  in,  as  indicated  by  the  name  tanal  eubstituted  fo¥  oCti&iL, 
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Theae  two  hodies  of  water  are  coimected  l>y  the  North  Polar 
Sea,  and  by  a  wide  and  open  sea  soutb.  of  a  Hue  joining  Gape 
Horn  and  the  Cape  of  Good  Hope. 

The  Atlantic  canal,  or  ocean,  h  much  smaller  than  the  Pacific, 
but  in  far  more  irnportant,  as  being  the  great  highway  of  na- 
tions, and  having  oa  or  near  its  shores  all  the  most  important 
commercial  porta  of  the  world.  We  may,  therefore,  properly 
commence  our  account  with  a  Ktatemeiit  of  its  more  strikiiif; 
peculiarities.  Ex:tending  from  the  Arctic  circle  to  the  icy 
barrier  that  aurfounds  the  Antarctic  continent,  its  length  is 
140  degrees  of  Utitade,  Of  nearly  10,0110  miles  ^  its  width, 
betfl'een  the  two  gvmt  continents,  varies  from  SOO  miles  (be- 
tween Greenland  and  Norway)  to  l,&Ofi  miles  (between  Br^il 
and  Sierra  Leone),  or  at  its  widest  part  3.1100  miles  (betweeu 
Florida  and  the  coast  of  Africa).  It  is*  therefore,  an  irregular 
elongated  valley,  covered  with  water.  It  is  enclosed  by  a  very 
broken  cnagt  ling,  including  on  both  sides  a  number  of  largo 
indentations,  of  which  the  Baltic  and  the  Mediterranean,  on 
the  ea.stern  or  Eijropean  side,  and  Baffin's  Bay,  Hudson's 
Bay,  the  Gulf  of  Mexico,  and  the  Caribbean  Sea,  on  the 
westeiTi  aide,  are  the  principal.  It  recciveg  the  drainage  of  a 
very  large  area  of  the  land,  entering  partly  directly*  and  partly 
indirectly,  by  the  connected  seas  and  bays.  Of  the  ialand 
seaSf  the  Baltic  is  long,  tortuotie,  and  narrow,  entered  by  very 
narrow  straits^  very  shallow,  and  receiving  a  large  drainage. 
Its  water  area  is  about  'iOO,000  square  railes.  The  Mediter- 
ranean, witli  its  subordinate  waters,  penetrates  mnch  more 
deeply  into  the  great;  continent  than  the  Baltic,  separaliug^  as  is 
well  known,  Europe  from  Africa.  Itoccupies  nearly  one  raillion 
of  square  miles,  and  open^  into  the  Black  Sea  by  the  Sea 
of  Marmora.  The  Black  Sea  again  communicates  with  the 
Sea  of  ^\:5of,  by  the  narrow  Straits  of  Kertch,  The  tola^ 
area,  covered  with  bracltish  and  salt  water,  k  not  less  than 
1^  milhous  square  miles.  The  temperature  of  the  wster  in 
the  Mediterranean  19  several  d«gr6ei^  higher  than  tbat  of  the 
Atlantic  outside  the  Straits  of  Gibraltar,  and  its  waters  are 
salt.  Many  parts  are  estramelydeep.  The  bed  of  the  Medi- 
terraEean  is  divided  into  two  parts  by  a  ridge,  forming  shallow 
water  between  the  southern  extremity  of  Italy  and  Africa, 

On  the  American  eide.  the  Golf  of  Mexico  and  the  Carib- 
bean Sea,  aeparated  from  the  open  Atlantic  by  the  West  Indian 
islands,  occupy  together  nearly  two  miilions  of  square  miles.  , 
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t  Caribbean  Sea  is  much  the  larger ;  its  depth  is  great  and 
its  waiera  very  hot.  The  Gulf  of  Mexico  b  separated  from  it 
b^achflin  of  islands.  Of  the  northeni  bays  and  gulfs.  Baffin's 
Bay  is  twice  the  area  of  the  Baltic,  but  wider  rmd  more  straight. 
Htu^on's  Hay  is  a  little  less  dreary,  and  is  ali^o  of  vast  ditnen 
BiODs.  The  West  Indian  Tslaads  and  the  British  Islands  are 
the  most  important  iosular  groups. 

The  Pflcitic  Ocean  alone  covers  more  than  half  the  surface 
of  the  globe,  auJ  its  area  is  about  90  milliunB  of  S(:[nare  miles, 
between  the  shores  of  America  on  one  side,  and  those  of  Asia 
add  AustraUa  on  the  other.  Its  width  at  the  northeni  extremity, 
between  East  Gape,  in  Asia,  and  Cape  Prince  of  Wales,  is  not 
more  ihaii  40  miltis  ;  buc  the  shores  rapidly  diverge,  till, 
between  California  and  the  Coaat  of  China,  the  distance  is 
S,500  milea.  Beyond  thia,  to  the  south,  the  width  remains 
nearly  the  same  to  the  extremity  of  Australian  land.  The 
length  of  the  oceao,  from  the  Arctic  to  the  Antarctic  circle, 
is  n bout  10,000  miles.  The  PaciBc  has  but  few  lai^e  inland 
aea3  opening  from  it.  nor  does  it  receive  the  diainafje  of  a  large 
number  of  important  streama,  in  both  these  respects  it  is 
inferior  to  the  Atlantic.  The  Yellow  Sea,  the  China  Sea,  and 
the  Sea  of  Japan,  are  the  most  important  of  its  subsidiary 
seas,  and  the  rivers  of  China  the  only  important  rivers- 
Although  poor  in  seas  and  rivers,  thia  ocean  contajua,  how- 
ever, very  large  and  important  islands,  as  already  pointed  out; 
but  the  iiland  districts  are  limited  to  certain  parte,  leaving  a 
TftBt  area  altogether  uninterrupted,  and  rarely  visited.  The 
depth  of  the  Pacific  is  in  parts  very  great. 

The  Indian  Ocean  is  bounded  by  Asia,  Africa  and  Australia, 
and  by  the  Antarctic  land.  Iai:luding  its  important  subsidiary 
seiss,  its  area  in  ubout  Q3  millions  of  square  miles, — almost  as 
much  fls  that  of  the  Atlautic.  Its  seas  are  iha  Red  Sea,  the 
Persian  Gulf,  tlie  Bay  of  Uengal,  &o.  It  iiicludc3  very  impor- 
tactislands,  and  groups  of  islauds,  and  receives  the  di'aiuageof 
several  of  the  great  rivers  of  Asia. 

The  Arctic  Occsn  includes  an  area  of  about  three  millions 
of  square  miles  of  water,  bounded  by  the  northern  coasts  of 
Europe.  Asia,  and  North  America.  It  connects  with  tlie  At- 
lantic by  a  wide  strait  between  Greenlaud  and  NoiHay,  and 
with  the  Pacific  hy  Eehving's  Straits.  It  is,  for  a  lurge  pjirt 
of  the  ye^r,  choked  with  ice,  but  there  is  water  coiamunicatiun 
m  summer,  counectiag  the  Pacific  with  the  Allanlic.    \\  cqu- 
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LtaiDB  some  islauds.     Tbere  is  a  corresponding  sea  at  the  Sauth 

pTole,  but  of  it  little  is  kiiowa. 

Such  are  the  great  ooeanic  tracts,  as  determined  from  a  mere 
superficial  obgenaliou  of  the  earth's  geography :  l>ut  there  is 
a  larger  and  more  comprehensive  view  of  the  natural  divisiona 
■of  llie  suiface  of  oar  globe,  which  we  must  now  consider. 
The  great  areas  of  ocean  are  not  only  bounded  by  dednite 
coast  lines,  but  are  more  or  less  broken  up  by  oieaos  of  tke 
oceanic  islands  alluded  to,  aed  by  banks  and  shoals.  These 
boundjariea  frequently  form,  distinct  baeius,  even  where  the 
connecting  banks  and  Bubniarine  ridges  fail  to  reach  the  sur- 
face^  Each  great  oceanic  saucer,  thus  formed,  presents  an 
almost  continuous  fringe  of  mountsuna,  generally  near  the 
water  line.  Thus,  stHrtiug  from  Mount  Elias,  on  the  north- 
eastern whores  of  the  Pacific,  there  is  an  almost  continuous 
chain  formisd  by  the  Rocky  Mouulaios,  the  mountains  of  Mesjco 
and  cenii-ul  Anieriea.  the  South  American  Andes,  and  Tierra 
del  Fuego  :  and  beyond  this  the  line  is  continued  towards 
Graham's  Island,  and  plunges  into  the  unknown  but  moun- 
tainous regions  of  Antarctic  laud. 

From  the  same  point,  ilount  Elias.  we  find  an  almoBt 
unbroken  line  of  mountain  along  the  Aleutian  Archipelago 
conlinueJ  through  tke  peninsula  of  Kamtchatlta*  the  Kurile 
Islands,  Jesiio,^  Japan,  and  the  Philippines.  It  may  thence 
he  followed  by  the  north  of  Xew  Guinea  and  New  Britain, 
the  Salomon  Isles,  the  New  Hebrides  and  New  Zealand,  and 
so  to  the  Antarctic  continent,  forming  an  almost  uninter* 
rupted  belt  round  the  va'*t  circuit  of  the  Pacific.  But  within 
this  bftsin  are  many  amaller  basins.  One  from  Japan,  bj  the 
Ladrone  Islands  to  New  Ireland,  is  nearly  half  the  area  of 
Africa.  Another,  but  much  less  clearly-defined  line  of  sub- 
marine mountains,  connected  by  structure,  and  rising  occa- 
sionally  above  ihe  water  level  in  volcanic  peaks,  commences; 
about  mid  way  between  the  New  Hebrides  and  New  Zealand, 
and  passing  firsi:  towards  the  north  to  the  Friendly  Islands 
and  Navigator  group,  nans  eastward  across  the  Pacific,  being 
indicated  in  tiie  Society  lalands,  Marquesas,  and  Gallapagos 
group,  and  connecting  with  the  great  chain  of  the  Andes 
on  the  line  of  the  equator.  Thus,  if  the  bottom  of  this  ocean 
were  elevated  a  comparatively  small  amount,  the  Pacific  would 
be  divided  into  a  northern  and  southern  basin;  the  northern 


A 


THE   OCEAN.  IQ'J 

being  again  Bubdivicleii  by  a  line  riinmtig  nnrtbwarrfa  from  ilie 
Society  Islands  Lliroiigb  the  Sandwieb  Islands  and  tbe  nortbcni 
coasts ;  wbile  the  aouthem  is  again  &iibdivide{i  by  a  line  ram- 
menciag  from  the  Society  Islands,  aiitl*  rangliig  nearly  east- 
wards, through  Easter  Isle  and  Juan.  Fernandez,  to  the  Chilian 
Andes.  On  all  tbeaa  lines  volcanoes  exist.  Lastly,  it  would 
seem  that  a  further  dividing  lino  may  extend  from  tbe  Sand- 
wich Islands,  eastwards,  through  the  Tokanic  island  of  Revil- 
legigedo,  to  the  mountains,  or  rather  to  the  fissiLre  between 
the  raomitaiii  chains,  crossing  central  America  fconi  west  to 
east. 

Tbe  Atl.intio  Ocean  ia  similarly  broken  up,  and  the  snb- 
baains  are  very  distinctly  traced.  Tbe  elevated  rim  of  ita 
northein  basin  may  he  thiia  defined.  Starting  from  Iceland 
on  ttie  east  side,  and  pi-oceeJiag  southwards,  we  Had  the  Fart>*i 
islands,  the  mountains  of  Ecotlasid,  Wales  and  Fmnce,  the 
western  Pyrenees,  the  coast  of  Portugal  and  Spain,  the  Atlas, 
and  the  Azoi*ea,  From  this  point,  &  multiplicity  of  shoals 
and  banks,  crosaing  the  ocean  and  terminating  with  the  great 
bank  of  Newfoundland,  form  a  depressed  rim.  In  this 
way  we  find  an  almost  coutinucms  chain  of  mountain  land, 
either  sub-aerial  or  &Lib-aiariuej  reaching  finally  to  GrbCf 
land  and  retuniinj^  to  Iceland.  This  forms  the  northei'u 
Atlatnk  Boain.  The  central  Atlantic  i-5  equally  marked  as 
jin  oceanic  basin.  Commencing  with  the  boundinj^  line  of 
Bub-marine  highkndtj  between  Kewfoundhmd  and  tho  Azores, 
and  tlience  coutinumg  through  Madeira  to  the  Canary  Islands 
and  the  Cape  de  Yerdes,  we  advance  westwards  by  tbe  island 
of  Fernando  Noronho  to  Cape  St.  Roque.  This  formi*  a 
second  welUniarked  basin.  The  southern  Atlantic  h  stib- 
divided  by  a  ridge  through  South  Ascension,  North  Ascension, 
St.  Helena*  and  so  on  as  far  as  Cape  Negro,  on  tbe  west  coast  of 
Africa,  and  thence  by  land  to  tbe  Ciipeof  Good  Hope,  Thence 
turning  westwards  we  reach  Tristan  d'Acunba,  and  still  be- 
yond to  the  south-west  we  reach  ttie  isle  of  Geoi^a(55''  S.), 
and  so  advance  by  the  Falkland  Islands  to  the  volcanoes  of 
Tierva  del  Fnego.  These  basiua  are  not  perfectly  defined, 
and  they  are  by  no  nieang  complete,  hut  they  are  so  fur 
indicated  as  to  mark  thein  as  great  outlines  of  the  earth's 
skeleton  form,  determined  by  causes  that  haie  governed  the 
production  of  that  form  from  au  early  period, 
L Besides  these  basihg  of  the  Great  Oceau  there  are  many 
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Others  more  or  Hess  dterimtly  defined.  Slanr  of  them  are 
ItDowu  under  the  name  of  seas,  but  are  independent,  so  far  aa 
the  poEsessioB  of  a  distioct  haain-rim  can  make  them  so.  The 
Caribbeai]  Sea  and  the  Gult"  of  Jlexico  form  such  basina. 
The  Mediterranean  is  another,  and  the  Baltic  auother.  The 
hounding  outlines  of  tlitse  seas  are  well  known.  The  Baj-  of 
Bengal  is  not  less  remarkable.  The  Chinese  and  Malayan 
Seas,  containing  ■within  them  the  important  island  of  Borneo, 
the  seas  of  Okhotsk,  of  Kamtscbatka,  of  Japan,  and  the 
Arabian  Sea,  are  less  knawu.  Ihej  all  desen'e  careful  con- 
eideration  as  to  details,  being  tlie  praicipal  es.ainplea  of  en- 
closed, or  nearly  enclosed,  areas  permanentlv  oc^cupied  by  salt 
water,  to  which  the  nnnne  basin  ia  properly  applied.  A 
knowledge  of  their  detaite  will  help  qs  to  underslaDd  the 
phyf^icnl  configuration  of  that  part  of  the  surface  of  the  globe 
■which  h  now  under  water,  and  ■which,  therefore,  forms  part 
of  the  oceanic  area. 

It  is  evident  that  a  knowledge  of  the  ocean  fioor  is  oecessary 
to  enable  us.  to  obtain  a  correct  notion  of  the  pbvsical  geography 
of  the  divisions  and  aub-divisions  here  alluded  to.  and  this 
knowledge,  as  may  he  suppoeedl,  ia  not  very  ea^y  to  obtain. 
The  depth  of  water  and  the  nature  of  the  bottom  have  been 
cletermined  of  late,  not  only  with  a  great  approach  to  accuracy 
in  Special  observations,  hut  so  eysteraatirally,  and  at  such 
email  intervals  in  some  parts  of  some  seas,  that  we  are  able 
to  obtain  facts  enough  to  justify  general  conclusions.  It  ia  to 
he  desired  that  snch  measurements  should  be  mada  on  a 
larger  scale,  and  that  no  ship  should  omit  taking  eouuiJings 
SThenevei"  eire-umstancea  will  admit.  Every  fact  of  this  kind 
is  useful  to  science. 

The  old  methods  of  sounding  at  sea  in  deep  water  Ti\-6re 
extremely  tedious  and  very  doubtful.  A  heavy-  lead  was 
dropped,  and  as  much  line  run  out  as  seemed  required.  No 
account  was  taken  of  the  drift,  and  in  great  depths  it  was 
difficult  to  he  sure  ■when  the  lead  touched  the  bottom.  In 
dmwing  it  back,  even  if  the  lead  was  brought  up,  the  only 
knowledge  it  gfive  of  the  bottom  was  from  the  few  grains  of 
raud  or  &  few  stones  adhering  to  a  luuip  of  tallow  in  a  hollow 
beneath  the  lead.  Sometimes  the  marks  left  on  the  tallow 
Fuggested  that  the  bottom  was  hard  rock,  and  not  mud.  We 
ewe  to  American  perseverance  and  ingenuity  the  first  sue- 
c«B6ftiI  attempts  to  reach  llie  bottom  atid  record  tbe  true 
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eptb  and  nature  cf  tha  bottom  in  really  deep  water.  After 
Tunny  triuls  and  rumiiug  out  line,  sometimes  more  than  10 
miles  in  lengthy  it  Las  been  found  that  no  parts  of  the  Atlantic 
or  Pacific  ill  whicb  the  di^pth  has  been  measured  bj  tba 
new  method  are  really  much  deeper  than  from  3n,0(in  to  , 
4ri,00U  feet,  which  is  not  greatly  more  than  the  lieipht  of  tba 
loftiest  summits  of  the  land  above  the  sea  level.  In  fact,  it 
would  almost  seem  that  the  gieateat  dqHhg  of  oceau  may  beat" 
the  same  proportion  to  the  loftiest  mountain  peuks  that  the 
area  of  the  sen  does  to  that  of  the  land. 

Deep-&eG  soundings,  as  at  present  carried  on  in  the  British. 
Navj',  require  a  heavy  weight  of  a  huQ<ired  ponnda  or  more, 
sliding  on  au  iron  shaft.  termitifUing  with  a  strong  clainp  or 
drag  which  opens  when  the  bottom  is  readied,  and  clo.ies  by  a 
spring  the  instant  the  apparatus  is  lifted.  The  weij^ht.  is  so 
contrived  as  to  drop  off  when  the  bottoni  is  reached,  so  that 
the  line  is  drami  ujp  with  the  clamp,  but  without  the  weight. 
In  deep  soundings  this  ia  indispensable,  as  the  friction  in 
lifting  even  the  hue  alone,  without  any  weight,  is  ao  great  as  to 
require  the  full  strength  of  a  Bteam-engiue  whiding  it  on  a 
reel.  The  nature  of  the  bottom  is  detennined  by  the  frag- 
ments broapht  up  ;  aod  by  a  dredfre  invented  by  Dr.  Wallich, 
and  OL'ca.sioimlly  used  in  the  aoundlings  of  the  Atlantic,  several 
pounds  weight  were  obtained  of  whatever  matenal  is  present. 
Almost  everywhere,  hoivever,  the  floor  of  thg  Atlantic  has  been 
found  to  be  covered  by  a  peculiar  soft,  mealy^  sticky  substance, 
called  0175*-  hy  the  maiine  surreyors.  On  careful  microscopic 
esamination  this  is  found  to  ba  an  impalpable  powder,  for  the 
most  pan  of  carbonate  of  lime,  nine-leutlis  of  it  couaiating  of 
minute  animal  organism.-^,  about  5  per  cent,  of  angular  frag- 
ments of  some  hard  miiieraJi  and  the  rest  flinty  skeletons  of 
animals  and  plants  of  the  lowest  and  simplest  struotares. 
Occasionally,  howsYor,  fragmenta  of  larger  siie'ls,  and  even 
liviug  star  fishes  have  been  obtaineil.  The  adbesivenesa  of 
the  oazo  13  the  result  of  the  pressure  of  the  heavy  column  uf 
water  above  it. 

The  Roor  of  the  Atlantic  Ocean,  as  determined  by  deep 
Bouodings,  consists  of  a  series  of  descending  steps,  not  veij 
closely  regembliug  the  form  of  any  of  the  larger  tracts  of  land 
now  ftboirg  the  sea,  Ijut  having  more  resemblance  to  Africa 
than  Europe,  Asia,  or  America*  Very  broad  and  compai-R- 
^tively  level  terraces  extend  for  a  certain  distauce  he^ov*.d,  \iife 
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existing  ^bores,  and  are  succeeded  by  steep  cliffs  dropping 
some  fl.nOO  feoL  For  a  distiuice  of  2^0  miles  from  the  coast 
of  Ireland  tbere  is  a  slope  of  only  altoul  six  feet  in  a  mile, 
little  more  than  one  in  a  tliouaaud.  In  the  next  *-iO  aiiles  there 
is  a  fsill  of  9,000  feet,  after  which  for  1/iOO  miles  there  seems 
little  distuiJjauce  of  level.  This  vast  terrace  is  owe  of  several 
that  pppear  to  chfiracterise  tlie  bottom  of  tlie  gi^eat;  AilantiG 
canal.  By  a  s:ucceBsion  of  drops  we  at  length  attaiii  the 
greatest  depth — about  30,000  feet — which  is  on  the  American 
side  of  tlie  oL-eitn,  some  dlslaoce  south  of  the  great  back  of 
Newfoundhuk!,  and  between  the  30cb  and  40th  parallek  of 
latitude.  At  thia  d(?pth  there  is  a  hasin-sbaped  depression 
nearly  1,000  miles  in  length. 

Of  the  bottom  of  the  PaciGe  much  hss  is  tnown.  The 
depth  of  that  ocean,  as  we  have  already  remarked,  seems  to 
hear  some  proportion  to  its  very  large  dimensions  as  an  open 
sea.  The  depth  of  40,000  feet  has  been  attained  by  sound- 
ings, but  the  outhne  of  the  bottom  of  this  great  basin  is  not 
yet  even  approxiaiately  aacei'tnined.  The  inland  seas  of  the 
Pacific  a^re  eitlier  shallow  or  their  eondition  ns  deep  clefts  is 
indicated  by  the  form  of  Ihti  land  immediateJy  adjacent.  The 
Indian  Ocean  ia  little  known  by  soundings. 

Sea  water  is  both  salt  and  bitter.  In  all  parts  of  the  ocean 
the  water  holds  in  solution  s  certain  quantity  of  solid  material, 
of  which  by  far  the  largest  part  con&ists  of  chloride  of  sodium 
or  common  salt.  Much  has  been  said  as  Lo  the  cause  of 
this  coudition  of  so  large  a  part  of  the  water  od  the  globe,  and 
ceilainly  to  very  little  piupojie.  It  would  be  as  reasonable 
and  profitalile  to  inquire  why  ailica,  and  alumina,  and  lime, 
constitute  the  important  bases  of  all  soils  and  rocka  as  to  seek 
to  discorer  a  reason  for  the  ealtuess  of  the  ocean.  No  doubt 
it  is  an  adaptation  full  of  uses  and  full  of  tneiUiings,  but  what 
in  the  whole  economy  of  iiatQTie  ia  not  so?  It  seems  almost 
impertinent  to  single  out  one  contrivance  of  nature,  if  it  can 
80  be  called,  and  magnify  it  as  a  special  interposition  of  Pro- 
vidence, That  the  water  of  the  sea  is  salt  because  it  would 
otherwise  putrefy,  ia  contradicted  by  daily  experience  in  every 
couiitiy  where  there  are  large  lakes,  or  that  behig  salt  it 
free&ies  le^s  readily  than  if  it  were  freah,  not  expanding  at  the 
freezing  point  of  fresh  water; — these  are  facts  which  really  prove 
no  more  tlian  that  all  created  things  are  mutually  adapted ; 
but  this  is  equally  proved  by  eyerj  other  fact  in  nature. 


ue  fjuantity  of  salt  in  the  ocean  is  not  flbsolutely  tha  aaoie 
in  ell  parts,  or  at  nil  dc-^ptbs.  It  \'ahea  al^o  in  the  different 
closed  seas,  acoordiiig  to  the  amount  of  fresh  water  received 
into  tliem  fioia  rivEVH,  sntl  tlie  rate  of  evaporatioa  fium  tlie 
surfaciS.  Some  are  Edller,  others  less  salt  ihau  the  ocean. 
Where  ^wnt  rivers  empty  themselves  into  the  ocean,  the  water 
is  less  salt  for  a  vast  ilistanco  from  the  shore.  In  general, 
the  Atfniitic  iy  more  salt  than  the  Pacific  ;^Ebe  wster  of  tha 
ocean  iq  the  southern  hemisphere  ia  pho  generollj  ninre  Bait 
than  that  in  the  northern.  In  tha  Pacific,  which  i^  the  Rreat 
open  ocean,  the  salt  is  in  larfrest  proportion  in  a  belt  het^veea 
23°  N.  and  i1°  S.  latitude,  while  about  the  equator  the  water 
is  someuhat  fresher.  Near  the  Polar  aeaa  the  proportion  of 
salt  13  smaller,  owing,  no  doubt,  to  Hie  laeltijig  of  the  ice  at 
certain  senaans. 

Generally,  the  proportion  of  solid  matter  in  the  ocean  is  about 
34'-l  parts  iu  a  tbousaudt  and  the  ingredients  are  very  nume- 
rous, althouj^h  a  very  large  proportion  of  the  whole  are  only 
present  as  ti-acei^,  or  in  SKceedingty  minute  q^nantities.  Those 
which  are  tulerably  abundant  are  neutral  salts,  consisting  of 
clilorJiJog  of  sotlium  and  magnesium,  sulphate  of  soda,  carbouate 
of  hfiio,  and  silica.  Of  all  the  known  elemeutury  substance, 
thirty-One  have  liten  detected  in  sea  water,  aud  the  number 
will  probably  be  increased  by  the  careful  application  of  the 
method  of  spectral  analysis.-  The  following  are  the  names  of 
the  elements  as  given  by  Dr.  Forchhammer.  (Proc.  Roy. 
Soc.,  vol.  xii.  p.  ly9.)  Oxygen  gas  and  nitrogen  gas,  as  atmo- 
spheric air,  and  nitrogen  in  ammcmia,  carbon  [in  (iarbonic  acid,) 
chlorine,  bromine,  iodine  (in  fui'oids),  fluorine  (in  combinatioii 
with  calcium),  sulphnr  (in  sulphuric  neid)  phosphorus  (as 
phoapboric  acid),  silicium  (es  silica),  boron  (as  bomcic  acid), 
silver  (in  some  seaweeda).  copper  (in  marine  animals  and 
plants),  zinc  (in  marine  plants),  cobalt  and  iiicke]  (alao  in  ma 
rine  planta),  iron,  mangaueae,  aluminium,  magnesium,  calcium, 
strontium  and  barinm  (as  sulphates  in  futoid  pbintsj,  sodium 
and  potassium,  lithium,  rubidium,  cesium,  and  arsenic. 

In  pailicular  seas,  and  parts  of  seas,  the  speciHc  graTitj  or 
density  of  tiiei  sea  water  diifers  somewhat  considerably.  In 
the  North  Atlantic  Ocean,  fi-om  the  equator  to  ktitnde  50<*, 
the  mean  of  a  large  number  of  obsei*vutiona  abnwa  a  specific 
gratuity  of  l"0'i004:  while  that  of  the  South  Atlantic,  within  - 

te  same  limits,  is  I'G'iGlG,  shoiving  an  excess  dS  ■Qti'^iY^.    \l         1 
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influx  of  freyh  water  from  tlie  Plflta,  behveen  tiljo  sfld  50'*  8. 
The  cliief  cause  of  this  difference  is  to  be  sought  for  lietue&fl 
the  equator  and  ktitude  lO**  N  ,  iu  the  belt  of  eqnatoriii]  calms 
imd  rains.  In  temperature  there  is  s.  iparkeJ  difference,  the 
South  Allautic  being  decidedly  colder  tlieii  the  North,  by 
nearly  five  degrees ,  and  it  is  a  difference  toleraUj  uniform, 
jjaraliel  for  punilleK  The  specific  gravity  of  sea  water  is 
greatly  nffected  for  a  time  by  he&vy  raina.  This  tinoB  may 
estend  ta  more  than  tsvetity-four  hours. 

The  specific  gravity  of  tha  South  Pacific  also  exceeds  that 
Gf  the  northern  part  of  the  same  ocBau,  but  both  are  aomewhal 
helDvf  those  of  tlie  corresponding  parts  cf  the  Atlantic.  The 
mean  of  the  North  Pacific  is  llJi!5  ir^i,  and  of  the  South  Pacific 
1-II2DS8.  The  aaiae  is  the  case  with  the  temperature,  the 
mean  temperature  beinfr  ay  follows  : — T^orth  Atlantic 'Tl'SGo  F., 
North  Pacific  ^Q-U^  F. ;  South  Atlantic  G6  6Go  F.,  South 
Pacific  67'7(J'^'F,  Jt  is  posaiblts  that  the  middle  part  of  the 
Pacific  may  be  more  dense  than  those  parts  mhere  the  obaer- 
valions  have  been  chiefly  made. 

The  IndJau  Ocean  is  both  of  less  specific  gravity  and  warmer 
th!in  the  PaciSc,  The  mean  specitic  gravity  of  the  psii't  south 
of  the  cqufttor  is  lO-^l^g,  and  it's  mean  temperature  09'^!!^°- 
The  water  of  the  Red  Sea  has  a  mean  denaity  of  I0"280.  The 
maximum  is  l'03'il  iu  the  Bay  of  Suez,  the  mininouTa  I'OiiSiJ 
near  Adeu,  The  whole  of  the  northern  part  is  more  salt  than 
the  Bouihorn,  The  ineati  temperature  of  the  Red  Sea  is  79'3o. 
Above  latitude  'iO'^  it  is  77  4",  and  below  it  h  81  5o.  The 
highest  temperature  recorded  is  QS"*. 

Of  other  inland  seas  the  Mediterranean,  perhaps,  is  the 
most  iropoTlaat.  The  mean  of  six  hundred  observations  shows 
the  sjiecific  gravity  to  he  I'OJHQ,  or  sensibly  greater  than  any 
part  of  the  open  ocean,  and  even  greater  than  the  Red  Sea. 
The  density  increases  from  west  to  east.  Thus,  west  of  longi- 
tude loothedendtyis  lOCJSG,  acd  between  lOoK.Bnd  -ifioE. 
the  mean  is  l'0i!91.  Tlie  average  temperature  is  GT-S*^;  the 
hiyhest  7^°  and  the  lowest  53<*.  On  entering  the  Detdauelles 
the  density  decreases  from  l^dUlb  to  1-016"^.  The  mean  of 
all  oliserrations  in  the  Black  Sea  shows  an  average  density  of 
only  I'OUS,  while  iu  some  parts  it  is  not  more  than  I'Olli. 
These  obsefvationa  ei'e  of  com^e  made  ou  water  from  the  opeu 
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;,  fiS,  off  the  moutha  of  the  great  rivers  the  water  is  nearly 
fresh. 

The  North  Sen  differs  little  from  the  AtliiDtiu  in  tlie  density 
of  its  waters,  the  mean  being  I'O-^ftl  ;  biiit  the  BiiUie  is  much 
lower,  the  meau  being  lOOSG,  the  maximuni  iV'-l'^'i,  and  the 
mittimum  only  lOOOti.  That  it  ivus  not  alwaj's  so  h  certain, 
inasmuch  as  the  shores  of  the  Bill  tin  iire  covered  in  some  places 
with  tbe  sheUa  of  animals  that  sisiTed  as.  food  for  tha  an- 
cient inbabitiints,  and  these  shells  certainly  could  not  have 
stiaiued  the  size  we  find  them  hi  bruekish  water.  The 
diraination  of  salt  in  this  sea  is  due  to  the  elevation  of  the  sea 
bottom,  and  thu3  to  a  diminished  quHiitityof  sea  water  t:ontauied 
in  it,  the  influx  of  fresh  water  by  rivera  reraaininff  unaltered. 

Eetunung  now  to  the  contents  of  sea  water,  it  is  well  known 
that  common  salt  (cliluride  of  sodium)  is  tlie  moat  abundant  in- 
gredient, Nearly  twenty-foiur  of  the  Si-X  paitg  in  a  thtmsaud 
are  ti>us  composed.  Of  the  rest,  there  ate  ahout  4  parts  of 
chloride  of  magnesium  and  nearly  a;*  much  sulphate  of  soda. 
One  part  iu  a  thoniiaiid  consists  of  carbQciate  of.  lime,  and  only 
25,  or  one  part  in  four  thousand  is  silica.  These  general  pro- 
portions are  subject  to  a  certain  amount  of  local  variation,  but 
they  are  sulllciently  near  to  give  a  correct  idea  of  the  consti- 
tution of  the  ocean.  Notwitlistunding  the  small  proportion  of 
silica  it  will  give  some  idea  of  tlie  vastiiess  of  the  whoJo  sub* 
ject,  to  point  out  that  the  estimated  total  quantity  of  silica 
dissolved  in  the  oc'iiftn  cannot  be  les^  than  one  hundred  millions 
of  millions  of  tons.  In  the  lilack  Sea  the  proportion  of  chlo- 
ide  of  sodium,  or  common  salt,  in  the  water,  appears  to  be 

uch  larger,  and  of  chloride  of  magnesium,  much  smaller  than 
in  the  open  ocean. 

There  is  always  a  certain  quantity  of  gas  present  in  water, 

isides  atmoi^pb^ric  air.  Of  such  gas,  carbonic  acid  gas  is 
ihe  principal,  and  ita  proportion,  though  not  large,  increaaea 
with  the  depth.  Ammonia  is  present,  but  the  qmintity  is  very 
Braall.  The  atmgsphf^ric  air  13  abaolutely  necessary  to  the 
existenee  of  life  ;  and  it  i3  known  by  actual  observation,  that 
the  greatest  depths  yet  proved  in  the  ocean  are  not  incompa- 
tible with  tiie  life  of  auimals  soiaewlmt  highly  organised. 
Great  chemical  changes  jimst  go  oti  in  water,  in  connection 
with  the  constant  succession  of  life  and  the  forces  thuii  set 


free.  1 
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diminishes,  the  solid,  contents  remaining  the  same.  But  this 
dimimidoii  hiis  a  limit,  fin  J  this  limit  has  an  important  refe- 
rence to  the  iionteiitB  of  the  water.  Tli\]9,  while  fresh  water 
attains  ila  greatest  density  About  the  temperature  of  Sfl**  P„ 
nsd  freezes  or  becomea  solid  at  32*.  sea  water  condnuea  to 
become  heavier  till  the  temperature  is  retluced  to  '28|.  Ex- 
pansion lakes  place  on  freezing ;,  but  water,  like  other  sub- 
Btances,  part3  ■with  its  impurities  when  it  crystal  Uses,  Tbus 
ice,  in  whatever  water  it  is  formed,  is  always  fresb. 

A  very  pretty-  and  simple  experiment,  mentioned  by  Capt. 
Maury,  well  illustrates  the  tvriiking  of  lliia  law.  He  tella  us 
that  be  filled  a  tall  jar  with  sea  water,  placed  in  the  vrnieT  » 
ibermometer^  and  a  small  float  or  sperific-gyavity  bottle,  aud 
exposed  t3]e  whole  on  a  cold  day  to  the  temperature  of  ^3". 
*'  Aa  the  thermometer  in  the  jar  i'lilL  the  specilic-giavity  bottle 
rose  higher  and  higher,  showing  that  the  water,  as  k  cooled, 
was  contracting  and  becoming  heavier  and  heavier.  TbJs 
went  on  till  the  tbermoineter  in  the  jar  tnarked  \il°.  Then 
there  commenced  in  it  the  display  of  the  most  exquisitely- 
beautiful  phenomena;  — fascicles  of  ice  first  formed  at  the 
bottom  of  the  jar,  and  as  fast  as  they  foriued  they  ascended 
to  the  top  with  fireat  rapidity ;  indeed  it  was  a  perfect  snow 
storm  in  miniature,  but  turned  upside  dovpn.  Tlie  flakes  had 
the  appearjince  of  falling  up.  As  soon  he  they  began  to  form, 
the  tberrnometer  in  the  jar  rose  to  JiB",  and  there  remained  aa 
long  as  the  little  storm  continued."*  Had  the  water  been 
fresh,  the  tepijiemturo  would  Lave  been  lowered  gradually  to 
AQ^,  the  specific -gravity  bottle  showing  descending  currents  of 
colder  and  hea^ner  water  till  that  temperatuie  was  obtained. 
On  further  cooling,  the  lower  strata  of  the  water  would  have 
changed  slowly  in  temperature  and  density,  but  the  u[iper 
strata  would  have  become  gradually  lighter  till  a  coat  of  iee 
formed  on  the  surface  at  3'^",  or  a  liiile  below.  After  that,  the 
ice  would  thicken  very  slowly  and  tho  Lodyof  the  water  remain 
almust  unchanged,  as  ice  conducts  heat  very  slowly.  The  ge- 
neral result  is,  that  in  large  quantities  of  tVesb  watev  exposed 
to  a  cold  atmo:^]ihere  there  is  little  circulation  of  the  water,  in 
consequence  of  the  continuance  of  surface  cold,  even  to  a  point 
much  below  the  freezing  point ;  and  thus  the  temperature  of 
the  water  below  is  kept  up  during  the  longsfit  avid  severest 
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winters  ;  but  on  the  other  hand,  the  surface  is  soon  a  Bheet  of 
ice,  aiid  cools  ibe  surrounding  flir  In  the  ocean,  the  surface 
is  never  frozen  m  sheets,  ext:e[iT.  ivitliiti  the  Arctic  tiud  AiitiirctJc 
circle,  and  then,  peiimps,  otily  because  of  the  vicinity  of  bind, 
A  constant  eirL-ulation  is  kept  up  throughout  the  whole  body 
of  the  water, — the  warm  wiiter  froui  a  diBtauce  is  brought  in 
to  supply  the  place  of  the  chilled  water  at  the  surface  iu  high 
latitudes,  and  thus  there  are  currents  produced  nhos(^  iniluence 
is  verj  Tiidoly  felt. 

The  teiTiperature  of  the  waters  of  the  ocean  is  far  more 
slowlj  affected  by  thp  iieuon  of  the  sun's  rays  than  that  of  the 
drj  land,  but  on  the  whole  the  etTect  of  the  existing  combina- 
tion of  cin^imi stances  is,  that  in  most  parts  of  the  oceau  the 
Burface  wtiters  me  warmer  than  the  water  below,  whieh 
gradually  becomes  cooler  and  denser  as  the  depth  increases. 
This  is  th«  case  in  all  temperate  and  tropical  parts  of  the 
wean,  and  even  under  the  equator.  The  cooling,  how&ver, 
otily  continues  to  a  certain  ilepth.  The  temperature  thus 
reiclied  is  30^"  F.,  the  point  nt  which  water  attains  iU 
greatest  density.  The  diminution  of  temperature  goes  mi  at 
a  ■very  difftireriE  rate  in  ditrerent  eejia,  the  theiinometar  some- 
timea  showing  a  diffdren^e  of  one  degree  for  seven,  and 
sometimes  for  fourteen  fathoms  of  dqith.  The  depth  of  the 
stratum  of  invariable  tempeiature  and  greatest  density  is 
greatest  under  the  equatori  where  it  amounts  to  1,SOO  fathoms. 
It  gradually  lesstnsj  until  in  very  higli  latitudes,  bolh  north 
and  south,  it  reaches  the  surface.  "Within  this  Hniit^  and  close 
to  the  polea,  the  water  is  warmeT  below  than  above  tlie  sar- 
face.  Although,  however,  the  position  of  this  stratum  ia 
ccostant,  or  veiy  nearly  so,  the  water  above  and  bi;low  it  is 
always  in  a  state  of  tnovetnetit,  nnd  it  is  in  faet  this  incessant 
movemetit  up  and  down  that  distributes  and  reguhttes  the 
heftt  and  cold  producing  a  perfect  and  uniform  system  of  order 
oat  of  iunumerabie  irregularities. 

The  pressure  of  bu  perineum  bent  water  on  the  bottom  of 
the  ocean,  and  on  all  BubFitances  contained  in  it  at  great 
depth,  is  of  course  in  proportion  fo  the  depth.  The  result  is 
seen  in  the  condition  of  the  mud  at  the  bottom  which,  when 
brought  up  from  great,  deptba,  is  compact  and  tenncious,  and 
altogether  diBerent  from  the  state  it  assumes  when  relieved 
for  sotae  time  from,  pressure.  It  is  seen  still  more  cleurly 
when  rope,  wood,  or  other  compressible  materiaV  w  tamei.  W 
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the  bottom  aad  brought  up  again.  Thus  wood,  suak  to  great 
depths.  IjticoTUtJS  walier- logged,  and  very  u^uch  more  dense  than 
it  was  before.  Hope  has  all  the  tB.r  squeezed  out  of  it^  aud 
comes  up  in  a  state  ftlmoit  unrecognisable.  A  bottle  filled 
witli  sail  water,  and  very  tightly  corkeJ,  has  its  cork  forced 
into  ibe  bottle.  In  spite  of  this,  animal  lift;  esista  in  the 
gretftteet  attained  depths,  and  ivhales  seem  capable  of  descend- 
ing at  will  to  some  miles  below  the  surface.  Star  fishes  were 
brought  up  alive  from  the  bi>tWim  at  a  depth  of  1,'iOO  fathoms 
by  Dr.  Walhch,  and  minute  furaminifera,  and  other  veiy  simple 
farms  of  organic;  life,  are  able  at  all  depths  to  separate  tiie 
materials  that  form  a  large  proportion  of  the  fin,e  mud  at  Uxe 
bottum  of  the  Atlentic  and  PaciBc  Oceans,  Wlierever  the 
Bitii's.  rays  cim  penetrate  there  is  life,  and  in  ihese  depths  of 
the  sea  there  is  uir  as  well  as  light. 

The  colour  of  sea  water,  when  seen  under  favonrable  cir- 
cutnstaiii!ea,  is  exquifiitely  beautiful,  and  the  water  itself  is 
limpid  And  tvanriparHUt  in  tlie  extreme.  It  is  quite  posaibte 
tiiiidief  a  vi?rLtL'.al  sun  to  see  distinctly  the  bed  of  the  gea,  and 
all  that  is  going  on  between  the  i^urface  and  the  bottom,  in 
depths  of  80  or  even  100  fathoms,  and  even  in  the  Arctic 
Oceau«  vrhere  the  son  is  never  high,  sheik  and  other  objects 
havfl  been  seen  in  SO  fiithom  wiiter.  Tlie  colour  varies  with 
the  state  of  the  atmosphere,  bnt  is  always  of  the  same  rich 
ultra  marine  when  seen  under  the  moat  favourable  tiircum- 
Etance^.  ThiiB,  also,  is  the  colour  of  the  hght  transmitted 
through  a  considerable  depth  of  water,  and  reflected  back 
from  ft  white  bottom  into  the  celebrated  "Blue  grotto'  at  Oapri, 
in  the  Bay  of  Naples.  This  cavern  affords  one  of  the  best 
instancea  known  in  which  the  colour  of  the  water  ii  separated 
from  all  other  tints  derived  from  the  atmosphere.  The  cause 
of  this  colour  is  not  asc&rtained  ivith  certainty,  but  observation 
with  distilled  water  would  seem  to  prove  that  is  the  real  colour 
of  pure  water.  It  has  been  supposed  to  be  derived  from  me- 
tallic o.^ides,  for  copper  ia  known  to  be  present  in  salt  water 
with  many  other  meUiUic  eleme.nt3,  bnt  this  is  burJlj  probable^ 
Chaugea  of  weather  oi*©  very  rapidly  anii  distiuL-tly  indicated 
by  the  colour  of  the  sea  water.  These  may  be  due  to  the 
movemeuts  of  minute  auimal  organisms,  which  abound  ia 
all  eeas,  and  are  the  food  of  many  krge  ^sbes,  and  of  whales, 
or  thej  may  be  produced  by  changea  iu  the  state  of  the 
atmosphere.     In  certain  seaa  there  are  \<h:b1  peculiarities  of 
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Thus  ths  sea  ia  red  or  verrnilion  in  conseiiuence  of 
minaakalea  combined  in  it  in  the  Red  Sea,  the  Vermilion 
Hea,  off  California,  and  the  mouth  of  the  River  Plate.  Tha 
PersiaD  Gull"  and  the  waters  of  the  Arabian  coast  are  often 
greeiii,  and  the  VTat&rs  of  ths  Arctic  OcenQ  are  olive  gi'eeii. 
'^The  sea  is  white  in  the  Gulf  of  Guinea,  intensely  Llack  ia 
'^the  Blark  Sea  and  in  the  ocean  round  tlie  Maldives,  and 
yellow  from  mud  m  the  Yellow  Sea. 

I  Jn  the  seas  here  jnentioiied  that  have  received  specijil 
'Dames  referring  to  colour  the  colour  ia  aometimea,  uo  doubt, 
'an  accident,  and  due  to  the  presence  of  foreign  bodi(?9.  This 
,13  not  alwaya  the  case.  Thus  the  Black  Sea.  whose  name 
lias  sometimes  been  described  as  owing  to  the  badness  of  the 
we&ther  during  winter,  has  a  most  decidedly  black  or  in- 
tensely d-'Jilt  pur|jle  colour,  far  away  from  the  coa'^t,  and  in 
Jperfectly  clear,  caUn  weather  The  Author  has  ohsei-ved  thia 
|0n  two  or  thrte  ocoflHions,  once  near  Odessa,  anil  afterwards 
■in  the  eaaleru  part  of  the  sea.  On  both  these,  and  ftt  other 
[times,  the  circumstances  of  the  weather  were  uausunlly  favour 
I  able  for  observing  the  true  colour-  Besides  nbsoloie  colonr 
jlhere  are  numerous  other  changes  of  appearance  due  to  con- 
fditiong  of  the  atmosphere,  and  changing  with  every  cloud, 
I  Currents  of  water  crossing,  raeetiug,  or  jiassing,  are  generally 
[indicated  by  difl"erenc«B  of  colour,  and  streaks  of  coloured 
[wfliei*  are  not  unusual  near  shore,  owing  in  moat  cases  to 
the  weeds  or  sands  at  the  bottom  of  shallow  water 

The  great  body  of  water  in  the  ocean  is  never  still.  Not 
only  is  tlie  Surface  constantly  agitnted  hy  the  wind,  but  the 
whole  mass  is  in  a  state  of  incessant  circulation,  partly  by 
lidal  action  and  partly  by  these  numerous  currents  that  appear 
to  convey  the  water  in  a  series  of  irregukr  cnrvea  throughout 
the  whole  world.  To  understand  the  importance  of  these  it 
U  necessary  to  consider  them  in  some  detail,  mid  we  com- 
mence with  An  outline  of  the  course  of  the  great  tidid  wave, 
which  is  one  of  the  most  important  phenomena  of  the  ocean, 
&nd  one  which  very  strikingly  shows  the  mutual  dependence 
of  the  various  parts  of  our  solar  system.  A  few  words  on  tha 
Ettious  kinds  of  waves  will  serve  to  introduce  this  suliject,  and 
jt  is  very  necessary  that  the  student  of  physical  geography 
should  clearly  understajid  what  is  meant  when  speaking  of 
phenomena  so  large  atid  so  influentinl. 
HAThen  standiiig  on  the  ahore,  we  watch,  the  motioYia  &l  ^ 
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ve^el  in  the  tide-way,  approaching  or  departing  from  some 
port,  or  in  a  channel  between  t\ro  seas,  after  wc-uther  moderatelj 
calm  but  succeeding  a  storm,  we  may  notice  a  variety  of 
movements  of  the  water  altogether  independent,  and  all  going 
on  together.  The  vesse]  wiU  be  roi-ked  more  or  less  violently 
by  large  waves,  and  innumerable  smaller  waves  or  ripples  wUl 
break  against  its  aidea.  At  the  same  titne  it  will  be  drifteni 
in  or  out  of  the  harbour,  or  in  some  definite  direetion,  accord- 
ing' to  the  set  of  the  tide  nr  current.  But  the  storm-wave 
and  the  ripple  are  mera  undulations  of  the  surface  while  tides 
and  cuiTents  are  movements  of  ibe  whole  body  of  water,  or  of 
part  of  it  hmited  in  some  deBnite^  maimer.  The  former hiive  no 
tendency  to  move  the  ship  forwards  or  Ixiekwai'ds— some  of  the 
latter  are  waves  of  tranj^ldtion,  and  really  do  move  h  one  way 
or  another.  Of  the  two  the  tide-wave  is  in  ordiuEiry  ca&es  b. 
movement  of  the  water,  advancing  for  some  housra  and  llicn 
receding  for  a  somewhat  longer  titne,  and  the  advance  &nA 
recegsion  are  nearly  of  the  same  amount,  and  occur  twice  in 
every  twenty-four  hours.  A  current  is  a  portion  of  the  water, 
including  either  the  whole  depth  or  only  part  of  the  depth, 
tnoving  ateadily  ouwards  along  a  certain  ^.ourHe,  varied  oc- 
casionally by  loc.^l  accidents,  hut  dependent  chiefly  on  the 
general  relations  of  land,  water,  and  tempemture.  and  there- 
fore only  changing  with  changes  in.  the  physical  configuratioa 
of  the  globe- 

The  origin  of  wind-waves  is  easily  understood.  Tljey  ere 
due  to  the  frji-tion  of  Currents  of  air,  however  produced,  on  the 
surface  of  \M^e  sheets  of  water.  This  iViclion  drags  along 
the  surface  of  the  water,  and  produces  parallel  ridge&  at  right 
angles  to  the  direction  of  the  wind.  Where  the  wind  blows 
Steadily  for  a  long  time  with  some  force  parallel  to  the  surface, 
a  contlnuons  bnt  shallow  cnrrent.  may  be  produced  without 
disturbance,  and  this  cause  is  capable  of  originating  some  of 
the  currents  that  cross  the  nceau.  Where  the  wind  varies 
from  time  to  time,  both  in  forre  and  direction,  and  where  it 
impinges  on  the  water  at  any  angle,  the  particles  of  water  are 
lifted  into  minute  waveSj  eacli  oi  which,  by  meana  of  its  ridge, 
protects  the  water  beyond  it  from  tlie  mud.  The  wind  is 
thus  forced  to  impinge  on  the  surface  a  small  diatance  beyond. 
As  the  wind  contiuiieB,  these  waves  increase  in  number  and 
magnitude.  As  the  force  increases,  the  agitation,  which  at 
first  waa  confined  to  the  surface,  sinks  dee^per  and  deeper, 
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and  the  waves  rise  Mgher  am]  Iiiglier,  brealdiig  at  last  in 
foam  over  the  hollow  between  Lwo  that,  are  ailjaceut  Owing 
to  the  irreguinf  acdon  of  the  ivinfi  T\hich,  dLirinfj  severe 
storms,  blawa  in  gusts  of  great  \-iuleuw,  and  fiequently 
changes  in  direclioTi,  and  owing  nlso  to  the  fact  that  storm- 
winds  are  invariably  iiccojiipuiiied  by  ocL-asioual  lulls,  the 
waves  become  L-oufuae'il  aud  broken.  T\u:y  aaon  overtake 
e»ch  other,  ajid  ihua  at  li^ngtb  form  tbose  Bublime  and  uwfnl 
seas,  only  attained  in  open  oceim  ond  deep  water.  Tlie 
highest  iiiid  larjjest  waves  do  not  often  exceed  40  feet  fmra 
the  crest  to  the  deepest  part  (if  the  trough.  The  imuiler- 
rupted  length  of  a  wave  of  tbis  magniluJe  is  not  very  coti- 
siderahle.  When  these  great  waves  approach  the  shore  or 
shoal  water  and  reach  ihu  bottom  of  the  sea  ihey  increase  in 
height,  reaching  sometime  to  upwards  of  160  feet,  hut  they 
diminish  in  breadth  or  aritiplitudy,  and  hemme  pointed.  Thus 
lifted  up  they  often  tojiple  over,  breaking  with  great  violence 
into  foam.  It  is  not  likely  that  the  extreme  effect  of  storm- 
waves  iu  deep  water  disturb  the  water  at  a  giekiter  depth  than 
SOU  feet.  After  such  great  \^iives  have  been  forraed  the  result 
is  shown  by  a  deep  heaving  of  the  mass  of  the  water,  oalleJ  a 
grflttud  &well,  which  is  often  propagated  through  the  water  to  an 
enormous  distance,  terminating  only  where  the  undulation  is 
stopped  by  the  resi&tniice  of  land,  and  by  it  thrown  hack.  In 
this  way  is  causeJ  tlie  geuerally  broken  water  of  the  Bay  of 
Biscay  and  the  Gulf  of  Lyons.  In  tbe  South  Pauiljc  Ocean 
these  billows  or  smooth  waves,  proceeding  from  quarter  quite 
independent  of  the  wind  or  marine  cunenta,  Hometimea  travel 
more  than  ],000  miles.  They  are  ultivaately  converted  into 
lurf  or  broken  uati^r  on  tha  banks  of  the  coral  isJatids  iu  the 
great  southern  ajchipolago. 

The  mechanical  force  of  storm-waves  is  very  greats  and  ia 
jointly  due  to  their  mass  and  velocity.  During  storms,  the 
pressure  of  large  waves  on  the  wes.t  coaet  of  Scotland,  coming 
Ux  from  the  Atlantic,  was  estimated  by  Mr.  Stevouson  at  up- 
vvsi-da  of  6,000  pounds  on  the  square  foot.  This  is  fully  ten 
times  the  mean  pressure  of  the  waves  during  Hummer. 

The  lidfiil-wave  hag  an  origin  altogether  independent  of  the 
mnd.  The  whole  maes  of  the  earth,  the  fluid  and  gaseous 
parts  of  it  as  well  as  the  solid,  are,  as  we  have  ■seen,  attracted 
by  tlio  sun  aud  moou,  in  proportion  to  their  mass,  and  the 
aoiid   earth,    the  ocean,  aud  the  atmosphere   are  separately 
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attracted,  because  they  are  in  distinct  mechanica]  conditions. 
Thus  tlie  muon  draws  out  of  its  course  and  toinards  itself,  to 
the  point  at  any  moment  Buliject  to  i  ts  influence,  a  part  of  the 
water  of  the  ocean,  and  it  will  also  draw  the  earth  aisay  from 
the  waterg  at  the  point  diametricully  opposite-  There  will 
thus  be  two  poirits  aE  which  high  vrater  will  exiiat,  Thefe  will 
rIso  be  two  points  bet\T<'en  these,  whence  tlie  water  will  have 
been  chiefly  remOTed.  These  are  the  points  of  low  water.  A 
small  bwellioK  of  the  water  is  thus  constantly  fallowing  the 
apparent  position  of  the  moon,  and  the  aarae  takes  pla 
though  to  a  less  estent,  owing  to  its  enormously  greater  dis- 
tance, with  regard  to  ihe  sun.  It  is  usual  to  say  that  this 
wave  isformeil  and  travels  thus,  but  we  should  rather  sjiy  that 
Bnch  s  wave  would  be  ao  formed  and  would  so  travel  uniformly 
if  the  whole  surface  of  the  earth  were  sraooth,  and  uniforaily 
coTered  by  a  film  of  water.  The  principal  tide-wave  would 
then  follow  the  moon,  moving,  at  the  equator,  at  the  rata  of 
1,1100  miles  an  hour,  and  the  summit  of  the  wave  would  reach 
tlie  &ame  spot,  twice  daily,  over  all  the  earth.  This  wave 
would  be  extremely  small  at  all  times,  but  it  would  reach  its 
raazimum  when  the  sun  and  moon  were  over  or  opposite  the 
same  spot  at  the  same  time,  for  then  they  would  pull  together; 
while,  when  the  moon  wag  in  the  quarter,  or  the  sun  and  mooa 
produced  tlieir  effect  at  places  90"  apart,  their  influence 
would  coiiu:eract  each  otbef,  and  tJie  tide  would  h&  smallest 
Since,  however,  the  land  is  very  irregularly  distributed, — sineoi 
■^  the  oceans  are  much  broken  and  interrupted,  not  only  by  con- 
tinents and  islands,  but  by  shoals  and  Buhmaiiae  ledges  sepa- 
ratiiif?  one  basin  from  another,  the  tidal-wave  is  greatly 
modified.  The  small  and  true  tidal-wave  WDuld  move  uni 
formly,  aud  at  its  normal  rate,  in  water  of  uniform  and  con- 
siderable depth.  The  motion  estenda  to  the  boticoi  of  the 
ocean,  and  the  velocity  of  such  a  wave,  propagated  through 
water  of  variable  depth,  would  vary  as  the  square  of  the  depth. 
Sinee,  therefore,  the  depth  varies  considerably,  it  is  not  sur- 
prising that,  ia  the  Pacific  Ocean,  aUhough  the  tide  at  onei  part 
is  pjmo&t  inappreciable,  it  beLiomes*  in  other  places,  strongly 
tnarked! ;  while  in  the  Atlantic,  so  much  narrower,  with  such 
broken  coast  lines,  and  so  many  ehoals  and  inland  ssaa,  thft 
tidal-wave  is  even  larger  and  more  complicated. 

From   being  at  the   outset  e.'itreraely  simple,  the  tides, 
indeed,  must  always  and  everywhere  be  broken  up^  divided^ 


muUiijUed,  es  tli^j  advance  along  the  broken  coast  lines 

and  nJUTow  chiiniiels  that  form  the  tDutnal  boinidniif's  of  sea 
and  land.  And  tbe  more  coinplkated  and  intrii:ali.e  tiie  coaet, 
the  narrower  the  ocean,  and  the  more  ila  bottom  in  iiiternipted 
by  shoals  and  banks,  the  farthei'  will  iUrn  liJe  depjirt  from  its 
nonnai  type,  both  in  amount  aud  in  the  Lime  occupied  iu 
Teaching  from  one  poiut  to  another.  Thus,  while  in  cei-tain  part& 
of  a  sea  there  is  oulj  one  tide  instead  of  two^  in  every  twenty- 
four  hours,  in  another  sea  there  are  three  or  even  lour  titles 
in  the  same  period.  So.  also,  while  in  some  fitnoel  shaped 
channels  the  tide  rises  upwards  of  60  feet,  as  in  the  Bay  of 
Fuady,  in  Nova  Scotia,  40  feet,  as  in  the  Enatol  Channel,  and 
SO  feet.asinsomepBTtaof  the  English  Channel ;  in  other  eeas, 
as  in  pait  of  the  Germati  Oceaif,  a  high  water  eonnetimeB 
iolerferes  with  and  oveitakes  a  low  water,  thus  extinguiahiDg 
the  tide  altogether.  A  high  created  wave,  called  a  hore,  runs 
up  several  large  rivers,  aometimea  at  particubir  sea>ons,  some- 
times every  tide,  in  places  where  the  bed  of  a  river  is  encura- 
bered  with  ahoalj^.  Jlai'ginal  and  local  tides,  apparentlj  dis- 
connected from  the  main  oceanii:  tides,  thaugh  really  derived! 
firom  them,  are  common;  more  especially  on  brokaii  Hhores, 
nod  among  the  islands  on  the  Atlantic  coa^t.  As  the  earth 
revolves*  a  euccession  of  tides  follow  each  other,  aud  marginal 
tiJe-wflvea  are  rontinually  given  oPf.  In  iho  Atlantic,  and  in. 
the  Indian  Ocfan,  these  proceed  from  the  sooth,  rtoi'thwards; 
but  in  the  Pacific,  they  diverge  from  the  equator  towards  the 
poles.  The  great  tide-wRve  that  ndvHncea  along  the  shores  of 
Europe,  and  impinges  on  the  west  coasts  of  Scotland.  Ireland, 
and  Cornwall,  passing  up  the  channel,  and  rounding  into  ths 
North  Sea,  occupies  nearly  forty  houra  in  its  passage  from  the 
great  ocean  in  which  it  originateis.  It  makes  the  tour  of 
Great  BHtain  in  about  eighteen  houFs-  The  part  that  oomea 
round  from  the  north,  and  that  part  advancing  up  the  English 
cbannel,  meet  a  little  north  of  the  Straits  of  Dover,  snd  de- 
stroy one  another. 

The  true  tidal-waTe  is  not  a  stream.  No  doubt,  in  confined 
ohBDoets^  it  is  converted  into  a  wave  of  translation,  and  the 
hodf  of  the  water  is  driven  fonvarda ;  but  in  open  sea&  it  ia 
oa!y  the  motion  that  is  trani^mitted.  not  the  water.  A  real 
wave  of  tranalalran,  moving  at  the  rat©  of  far  less  than  1,000 
miles  per  hour,  would  destroy  everything  with  which  it  came 
in  mnucL    Thus,  a  ship  or  a  bird  floating  on  the  water  is 
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not  carried  forward  by  the  tide  in  open  ocean.  It  is  simply 
lifted  up  and  let  doTk-n.  The  nater  riaes  from  beneath  it,  and 
bears  it  up.  nud.  then  sinks  again,  and  the  ship,  or  bird,  sinks 
■with  it.  This  niotioo  of  waves  has  often  been  compared  to 
that  of  the  ears  of  conj  in  a  field.  Moving  backward  and  for- 
ward, they  seem  to  advance,  but  we  know  that  they  are  all 
rooted  to  the  ground.  In  both  cases,  it  is  the  wave  that 
moves,  not  the  water  or  the  com.  The  strongv  periodical  cur- 
rents, produced  bj  the  ti(Je3,  ai:"e  due  entirely  to  the  Configura- 
tion of  the  land,  snd  are  strktly  local. 

There  arc  two  kinds  of  currents  affecting  the  -waters  of  the 
ocean  j— some  are  constant  and  permanent, — others,  temporanj 
or  periodical ; — some  are  deep,  and  coniinne  tiieir  course  for 
thousands  of  miles, — otheR  are  shallow,  and  are  sood  turned 
and  checked.  The  latter  are  drifts;  the  former,  streams. 
The  stream  correnta  are  of  great  importance  to  tlimate,  and 
very  useful  to  navigators.  They  exist  in  most  parts  of  the 
ocean.  Stream  currents  are  usually  due  to  prevalent,  but 
periodical  winds,  and  are  limited  to  certain  parts  of  the  ocean. 

The  origin  of  these  currents  in  the  ocean,  and  of  the  great 
system  of  circulation  that  forms  so  iiaporlant  a  feature  in  the 
history  of  the  waters  that  cover  three-fourths  of  the  globa,  is 
to  be  sought  for  in  the  relatiTo  position  of  land  and  water, 
and  ihe  j^'encral  distribution  of  heat.  The  currents,  therefore, 
that  we  hnve  to  conaider  are  paitlj'dae  to  local  and  temporary 
Causes,  und  of  these  evaponitioa  in  excess  of  the  supply  from 
rain,  directly  or  iifdirectly,  is  one  of  the  most  important. 
Prevalent  winds,  narrow  and  enrlosed  seas,  long  lines  of  coast 
stretching  from  the  poles  towards  and  far  beyond  the  equator, 
broken  and  jagged  coast  lines,  and  linea  of  submarhie  bill 
crossing  the  general  duection  of  an  ocean  at  right  angles, 
these  are  all  modifying  agents  aSectinf:;  the  coutiuuouB  move- 
ment^'  of  tlie  eea,  and  iutJiudng,  modityiug,  or  checking  cur- 
rents. An  example  of  the  eirTeet  of  evaporation  in  a  long 
narrow  sea  is  to  be  found  in  the  Red  Sea,  whose  suiface  is  on 
inclined  plain,  owing  to  the  enormous  quantity  of  vraler 
removed  from  it  into  the  atmosphere,  and  not  replaced  by 
rain  or  livera.  The  quantity  thus  removed,  at  a  moderate 
estimate,  in  hnlf  an  inch  per  day  during  Buramer.  At  that 
season  iho  air  above  and  around  ia  hot  and  dry,  and  its  shores 
are  burning  sauda.  It  ia  not  extrtiordinary  that  in  spite  of  a 
strong  current  that  sets  inwards  ftom  the  Ambian  Sea  at  the 
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of  nearly  a  mile  per  hour  (SO  miles  a  daj),  the  yminT  at 
the  bead,  or  nortliem  part,  is  some  two  feot  lower  than  at  the 
foot.  As  the  Red  Sea  is  1,000  milea  long,  the  water  enterinjf 
takes  Gl'ty  day9  lo  reach  the  head,  and  in  doing  so  loses 
twenty-five  inches  of  height. 

But  the  evaporated  wnter  leaves  ila  salt  behind,  and  this 
must  either  ax:cuit)ulate  and  render  the  Eed  Sea  hnne.  which 
it  IB  not,  or  it  must  pass  an'ay.  It  cau  only  eticape  by  a 
return  or  outer  current  beneath  the  in-coming  upper  etreara. 
Such  a  current  is  known  to  exist  in  the  Mediterranean,  which 
is  also  a  mniined  ^ea  on  a  much  larger  scale,  and  ree;eiving 
great  though  insufEcient  supplies  of  fresh  water.  A  current 
of  the  same  kind,  no  doubt,  exists  alao  in  the  Red  Sea.  It  is 
knOTni  by  observation  lliat  the  surface  waters  at  the  head  o£ 
the  Eed  Sea  are  sailer,  and  tberefure  heavier  than  the  surface 
waters  at  the  Siraita  of  Bab-el-Maudeh.  Dr.  Buish  has  cal- 
Cftlated  that  without  such  under  cuiTent  the  Red  Sea  would 
have  become  one  mass  of  solid  salt  in  the  last  tliree  thousand 
years.  Both  the  indraught  and  the  deep  cun-ent  outwards, 
»FelI  known  to  exist,  are  thus  explained  in  the  cane  of  many 
partially  enclosed  seas.  At  the  entrance  of  the  Red  Sea  there 
ure  periodical  surface  currents  flowing  in  from  October  to 
May,  and  out  during  the  rest  of  the  year. 

The  great  currents  are  those  whach  chiefly  affect  climate. 
They  are  the  best  known,  partly  from  their  real  magnitude, 
(tnd  partly  bei'autio  of  their  use  to  navigators.  They  are  tiot 
very  numerous,  and  their  couree  and  hifitury  is,  for  the  moat 
part,  pretty  well  known.  Of  the  whole  number  the  GuUf 
stream  of  tiie  Atlantic  is  the  moat  important.  It  iSf  however, 
so  intimately  connected  with  a  number  of  other  cnrrents  that 
to  understand  its  course  from  ita  origin  ve  must  refer  to  the 
currents  of  the  Indian  Ooemn.  Strictly  speaking,  the  Gulf 
stream  issues  from  the  Gulf  of  Mexico.  It  may  ba  said  to 
rush  out  thence  towards  the  north,  between  Florida  and  the 
Bahamas,  having  at  Uie  "  Narrows  "  of  Cenihii  a  width  of 
!t2  miles,  a  depth  probably  not  less  than  900  fathoniiii.  and  a 
relocity  of  nearly  hve  miles  per  hour.  OS  Cape  Hatteraa  the 
width  has  become  75  mileg,  the  depth  ]'20  fathoms,  and  the 
rale  tUminished  to  3^  miles  per  hour.  Further  north  it  trends 
to  the  east,  describing  a  curve  nearly  identical  with  the  arc  of 
a  great  circle,  from  the  Ntirrows  of  J5emini  to  the  shores  of 

End,    The  current  touches  the  banlts  of  Jiewlouudland^ 
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wbere  it  is  mtersected,  ae  it  were,  by  Iha  course  of  the  Arctic 
curre»t  bringing  down  icebergs.  The  i^idtb  ia  here  much 
greater,  mid  the  depth  reduced  ia  proportion.  As  it  croast;fi 
the  Atlunlic  it  widens  end  ehallows,  and  its  rate  of  rDotiou  is 
diminished  to  a  mile  an  hour.  Appiaoxihing  the  shores  of 
Europe  it  is  turned  southwards,  and  dies  away,  or  ia  inter- 
fered with  by  diber  Currents  off  the  African  L^oayt.  Aa  it 
issues  from  the  Striiits  of  Florida  the  temperature  of  the  water 
IS  nearly  Oljo,  and  causidemblj  above  that  of  tbe  adjacent 
ocean.  After  travelling  through  ten  degrees  of  latitude  to  the 
north  it  has  inlill  a  teni|ierature  of  S'i*',  and  it  parts  verj  slowly 
ivith  its  heat  aa  it  crosses  ike  Atlflutie.  It,  therefore,  brings 
a  laiTge  Bupplj  of  heat  to  the  shores  of  Europe.  The  whole 
course  of  this  rsmarkable  current  is  not  leas  than  3,000  miles, 
and  it  occupies  about  eighty  days  in  its  progress.  Although 
liable  to  some  change  of  directiaa  it  is,  ou  the  whole,  wonder- 
fully pejsistent.  Jt  ia  a  great  aud  wide  stream  of  heated 
"Water,  larger  than  all  the  rivers  of  the  world  togeither,  run- 
niug  in  a  definite  channel  through  colder  water  ef  a  different 
colour,  Bo  that  "bea  a  ship  euters  the  stream  in  einuotb.  water 
cue  may  see  tlio  hows  dashing  the  spray  from  the  warm  and  dark 
blue  watei^s  ehe  is  entering,  while  the  stern  is  still  \Wthiu  the 
pale  green  aud  cold  waters  of  the  banlts  of  XewfoundJand- 

The  Gulf  stream  takes  its  name  from  the  Gulf  of  Mexico, 
where  it  emerges  from  that  warm  sea;  but  we  may  couueet  it 
with  another  current^  starting  from  the  Bay  of  Biscay,  shirt- 
ing the  shores  of  Africa,  cmssing  the  Atlautic  to  Gape  St. 
Roccjue,  in  Brazil,  and  entering  the  Caribbean  Sea  with  a 
temperature  of  9(io,  Thia  is  a  portion  of  the  Main  equatorial 
mnentt  first  distinctly  recognisalile  off  the  coaai  of  Africa,  a 
little  south  of  the  equator.  Uunuiug  nearly  on  tbe  line  of 
the  equetoT,  and  therefore  in  a  great  circle  to  the  west^  it  ia 
nearly  parallel  to  the  Guinea  current,  which,  coming  from  the 
west,  die?  away  near  the  mouth  of  the  Niger.  These  Ivm 
adjacent  streams,  whose  temperature  differs  by  10°  P„  thus 
flow  with  some  Telocity  in  opposite  directions  for  nearly  l,QfJO 
miles.  The  Main  equatorial  current,  after  crossing  tUe  ocean 
to  abotit  yii'*  W.  longitude,  sends  off  a  north-west  branch  to 
Saa  Rocque,  and  anotbef  branch  to  the  south,  paraliel  to  the 
South  AHierioau  coast  It  there  forcaa  the  Drazil  current. 
It  has  several  smaller  branuhea,  and  is  everywhere  a  cold 
ciUTent,  generally  from  ■1*'  to  (1°  bulow  the  ai^acent  oceaa. 


THE    (K1I»AS. 

Jepth  muBt  be  considerable,  as  tJio  watera  of  tbe  La  Plata, 
issuing  with  a  very  strong  ciirrent,  do  not  seriously  dedest  it- 
^  Conuecting  the  Gulf  stream  und  the  Equiitttrin.1  eurrent  ar© 
iro-  Beuuel's  current  luns  northwards  along  the  coasts  of 
Spain  ami  Franco  to  Ireland,  and  the  North  African  current 
runs  southwards  iuto  the  Equatorial  current.  Replacing  the 
waters  of  the  hot  stroain  removed  from  the  Gulf  of  Mexico 
there  is  a  strong  Arctic  or  Polar  current  coming  filong  the 
cjosts  of  Greenland  and  Labrador,  and  uniting  ivith  the  ciiiTeot 
from  Davia'  Straits.  This  current  is  at  first  superficial,  con- 
veying icebergs  sometimes  across  the  Gulf  stream,  but  it 
de&cenda  and  runa  for  the  most  part  at  a  considerable  depth 
lielow  the  Gulf  strenm.  It  conn&cts  with  the  United  States 
counter  cuiTeut.  JJesides  some  currents  in  the  northern  part 
fif  the  South  Atlantic,  the  Antarctic  current  conveja  into  the 
latitude  of  the  Cape  of  Good  Hope,  and  even  much  liigher, 
large  icebergs  from  the  South  Polai'  land.  The  South  AtlAnlic 
cutTent  13  part  of  a  stream  coming  round  the  Cape  of  Good 
Hope,  and  another  part  of  the  same  stream  forms  a  counter^ 
current.  Moat  of  these  currents  \-aiy  in  width,  depths  rate, 
and  temperature,  according  to  season  and  local  conditions, 
but  the  changes  are  kept  within  fixed  and  often  narrow 
hmits. 

The  ciirrents  of  the  Pacific  are  less  definite,  or  at  least  less 
known  than  those  of  the  Atlantic.  In  the  North  Pacific  is  a 
^ind  of  Gulf  atieam.  called  the  Black  Stream  of  Japan,  hut  it 
is  far  lesg  definite  than  the  Gulf  Htream  of  the  North  Atlantic. 
Iq  the  South  Pncifiea  South  polar  current  brings  cold  water 
Hkng  the  western  coast  of  South  America,  reversing  the  opera- 
tion of  the  Gulf  stream  on  Europe.  In  the  ludian  Octan  is 
the  MozambifjuB  current,  a  wRmi  stream,  running  from  iuter- 
tToptcal  seas  to  the  polar  regions,  sweeping  the  east  coast  of 
Africa,  and  resolving  itself  into  a  gentle  flow  of  warm  writer 
towards  the  Antarctic  Ocean,  and  a  counter  ciirrent  of  cold 
water  towards  the  north,     Tkia  is  Humboldt's  current. 

Besides  the  tidal  wave,  the  waves  produced  by  the  wind, 
the  Rreat  cmTent-s  and  coutiter-furrents  of  the  ocean,  and  the 
Bmaller,  more  partial,  und  iesa  regular  currents  that  exist  in 
all  enclosed  seas,  there  nro  other  phonoiuena  of  the  oceau 
more  slrkitlj  local,  but  ref|uirmg  notice.  Eddies  and  whirl- 
pools aro  among  these,  They  ar^a  produced  by  opposing  winds 
and  tides.     The  Maelstrom,  on  the  Norway  ciii5l.,\'4  otca.%\W'^ 
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by  tidal  currents  round  certain  islands.  It  is  a  mila  and  n-half 
in  diamoter,  and  its  roar  is  sometimes  beard  at  a  diataiice  of 
several  leflgues.  It  varies,  however,  and  13  sometimes  trifling. 
The  celebrated  aud  classical  vort«x  of  Cliarybdis,  outside  the 
harbour  of  Messina,  consists  rather  of  undQlating  water  than 
a  true  whirlpool.  It  is  often  not  to  be  recognised,  Lut  at  certain 
seasons  it  Js  said  to  be  powerful  enough  (0  whirl  round  even  a. 
seventy-four  gun  ship,  and  is  formidable  to  small  craft.  The 
water  near  i?  from  10  to  90  fathoms'  deep,  and  the  eddy  is 
probably  due  to  the  meeting  of  currents. 

There  are  many  examples  of  still  water  surrounded  with 
currents.  Of  these  the  tSimjmsos,  or  weedy  seas,  are  the  most 
remurkal'le.  The  North  Atlantic  Sargasso  sea  occupies  a  con- 
siduruUe  but  variable  space  between  the  15th  and  SOih  paral- 
lels of  north  latitude  and  the  20th  and  40th  meridiana  of  west 
longitude.  It  is  Eoroetimes  so  thickly  matted  over  with 
brownish  weed  as  to  hide  the  water,  and  present  sometliing  of 
the  appearance  of  ft  drowned  toeadow,  on  whith  one  could  walk. 
Thi&  part  of  the  fiCU  ia  crowded  with  fish  t  and  into  it  are 
drifted  trees  and  plants,  brought  down  by  the  Amazon  from 
the  Andes,  and  from  the  Rocky  jVloun tains  by  the  Mississippi. 
A  large  deposit  of  organic  matter  must  be  forming  at  the  bot- 
tom of  this  part  of  the  Atlantic.  Anotlier  Sargasso  sea  exi^ 
in  the  North  Pacific,  between  the  30th  and  40  th  pai-allela  of 
latitude.  It  is  similar,  but  smaller,  and  less  rich  in  drifted 
inaller  There  ia  a  third  in  the  Indian  Oeea.n,  bet\veen  the 
45th  and  S5th  parallels  of  south  latitude,  aud  between  &0** 
acd  SU"*  west  Jongitude,  In  all  these,  the  Sargasso  is  in  the 
middle  of  a  pool  between  warm  and  cool  currents.  But  the 
gulf  weed  is  not  confined  to  the  open  ocean.  Fragments  of  it 
are  broken  away  and  drifted,  and  are  thus  brought  even  so  far 
as,  the  Straits  of  Dover.  It  is  not  unusual  in  the  months  of  July 
and  August  to  see  laq+e  quantities  of  drifted  weed,  in  crossing 
the  channel  between  Folkestone  and  BoalogDe.  In  perfectly 
fine,  calm  ^veather,  the  water  is  sometimes  almost  as  much 
covered  with  vegetation  in  these  ^eas  as  in  tJie  immediate 
neighbourhood  of  the  great  Saigasao  sea  itself. 


SE  grand  pTienoTnena  of  Ihe  ocean  are,  by  the  aid  of  the 
atmosphere,  brought  into  direct  relation  with  the  v/hfAe  surface 
of  the  laud ;  and  the  circuUtion  of  water,  with  its  various 
results,  mechanical  ami  physical,  may  be  said  to  be  tbe  great 
fundamental  cause  of  the  actual  structure  and  condition  of  the 
earth's  surface.  We  shall  coneiJer,  in  another  chapter,  the 
mechanisoa  involved  in  the  production  of  these  results,  so  iar 
as  the  atmosphere  h  concerned.  At  present,  looking  ontj  to 
the  fact  that  ruin  fall^^  sud  that  the  water  thus  obtained  cir- 
culates over  the  surface  for  a  tima.  let  us  endeavour  to  trace 
its  inevitaltle  course.  We  see  Jt— and  every  one  h  fiimiliar 
with  the  phenomena — sometimes  merrily  coursing  down  a  hill 
side,  or  rushing  in  a,  rapid  torrent  through  a  mountain  gorge  ; 
now  pouring  in  collected  streams  down  wide  valleys;  collecting 
occasionally  into  awamps,  pools,  or  lakes ;  pursuing  its  course 
onwards  across  great  plains  ;  occaBionally  rushing  along  in 
rapids,  or  falling  in  cataracts  ;  receiving  from  time  to  tima 
Dumerous  iriliutariea ;  and  at  length  approaehiiig  the  ocean, 
carrying  back  to  it  the  Itibute  derived  tVom  a  thousand  lands. 
At  first  the  stream  moves  rapidly,  hut  as  it,  advances,  generally 
diminishes  so  much  in  speed  that,  as  it  finally  passes  through 
the  low  plains  near  the  end  of  ita  course,  it  becomes  no  longtir 
able  td  convey  along  the  mud  and  stones  bronglit  down  from 
the  upper  country.  These  must  accordingly  be  left  beliiud- 
and  are  spread  out  in  vast  fan  shaped  dehai*,  or  in  long,  pro- 
jecting tongues,  iLdvancing  iitto  the  sea  and  encroaching  on  the 
domain  of  the  ocean.  Tiiua,  wherever  a  principal  stream 
makes  a  long  passnge  over  a  Urge  condnetit,  it  \itQi^"i^  ^ 
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mnrlted  effect,  botii  on  ihe  land  through  which  it  passes  and 
on  tbe  ocean  it  eiilers. 

Rivera  are  very  importHiit  phenomena.  They  opeti  out  llie 
interiors  of  continents  by  providing  naTigable  channels,  enaLling 
l^iats  and  ships  to  reach  the  population  on  their  bunks  ;  they 
carry  ofl°  waste  material  and  decaying  organic  matter  that  notild 
otherwise  be  mischievous  ;  they  provide  water  for  the  inhabi- 
lants  of  the  toi^Tia  buill  near  them ;  and  they  yield  power — 
advantage  being  tflken  of  their  continued  curreuta  to  cany 
down  to  the  &ea  rafts  and  barges,  or  turn  float-wheels  to  grind 
com.  The  channels  in  which  they  run  act  also  as  convenient 
channels  far  winds  and  cuiTeuts  of  air.  A  coantry  witliout 
permanent  streams  is,  indeed,  so  little  fitted  for  vegetation  and 
for  animal  life,  that  it  must  almost  be  regarded  &s  a  desert ; 
while  a  well-watered  distritt  permits  of  rapid  development, 
and  of  early  and  complete  subjugation  by  man. 

It  k  not  the  largest  rivers  that  are  the  most  upeful.  Those 
of  moderate  proportions  are  often  even  more  available,  by  being 
more  manageable.  Neither  are  th&  most  rapid  rivers  thoye 
that  mmt  perfectly  perform  the  duties  devolving  on  them. 
The  country  with  numerous  streams  of  modenite  volmue.  and 
nnining  at  a  convenient  rate,  is  that  which  will  be  on  the 
whole  mo6t  perfectly  utilised  by  the  human  mte. 

Aa  a  matter  of  geogiaphical  convenience  the  whole  surface 
of  every  tract  of  land,  whether  continent  or  island,  may  be 
divided  into  areas,  each  drained  by  some  river  or  system  of 
rivers.  To  malte  this  division  it  is  only  necessary  to  take  the 
best  availablu  map,  and  connect  the  points  midway  between 
the  head  waters  of  all  tlje  streams  entering  the  sea,  or  some 
internal  sheet  of  water.  The  smaller  brooks  and  streamlets 
connect  with  others  of  larger  size,  and  these  with  the  main 
rivers.  Tiie  number  of  the  principal  streams  ia  not  so  great 
as  to  render  this  method  troublesome,  and  the  divisions  of  land 
into  natural  drainage,  areas  or  river  systetns  ia  ofteu  extremely 
useful.  It  is.  of  course,  impossible  to  include,  in  such  areas, 
the  portions  of  the  earth  ivhere  the  drainage,  if  any,  is  effected 
by  smull  streams  running  directly  iuto  the  ocean. 

The  line  determining  the  drainage  area  of  a  river  system  19 
called  the  latier-shed  {vasser-scheidc,  water  division)  or  vnt^- 
parting.  The  former  expression  is  more  familiar  to  geo- 
graphers ;  the  latter,  perhaps,  more  correct.  It  is  necessary 
to  hear  in  mind  that  tiie  ^vuter-bbed  does  not  necessarily  run 
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along  a  mountain  n^ge^  oi%  in  other  woiils,  that  river  sjatema 
am  DOl  always  eiiclaseJ  by  high  lands.  The  mnin  Boureea  of 
eftL'h  of  two  large  streams  running  in  opposite  dtiectioas,  may 
originate  ia  the  same  ponds  or  swamps,  through  whiuh^  there- 
fore, the  water-shed  must  pass.  Such  nit*iu  sources  may  even 
proceed  from  v:idei  level  tracts  of  eouutry,  from  whith  the 
rain  runs  olT  indifferently  bo  north  or  gouth,  ro  that  one  portion 
may  ultimately  join  a  stream  running  to  the  equator,  while 
another  may  reach  the  Arctic  sea. 

It  !B  evident  that  the  sources  of  a  stream  need  hear  no  pro* 
portion  in  magnitude  or  iraportimce  to  tlie  stream  ultimately 
produced.  All  rivers  of  any  magnitude  are  ilue  to  the  running 
together  of  numerous  streams,  and  it  ia  often  a  matter  rather 
uf  accident  thaniutention.  which  of  them,  bybeaiing  the  name 
of  the  lower  part,  or  that  which  enters  the  ocean,  shall  be 
regarded  us  the  principaK  Thfire  are  a  few  exceptional  tases. 
in  which  a  streara,  already  large,  issitea  from  the  tanh  at  some 
definite  point,  and  obtaining  a  name,  at  once  preserves  it  till 
it  reachea  the  sea.  In  such  cases,  however,  the  stream  has 
iscquired  its  volume  of  water  from  underground  tributaries  that 
have  not  be&n  named,  and  this  only  because  they  have  not 
been  followed  and  made  available- 
It  is  also  clear  that  the  reid  sources  of  great  rivers  are  gene- 
rally in  detenu  in  able,  and  even  if  they  could  be  discovered 
would  be  utterly  unimportant  and  inaigriificant.  It  is,  no 
doubt  of  the  greatest  importance  and  interest  to  learn  the  geo- 
grapihy  of  the  mtei-ior  of  Africa,  to  disoover  the  water-courses 
that  combine  to  fonn  the  Nile  and  oilier  chief  streams,  to  trace 
them  to  their  sources,  arfd  to  determine  whether  tliey  are  de- 
rived from  a  mountain  chain,  or  plateiiu,  or  a  lake,  for  in  tin's 
way  only  can  we  leam  the  physical  features  of  the  country  and 
all  the  facta  that  we  require  to  know  coiiceruing  its  structure. 
But  the  mei'e  looking  at  the  nomiual  source  of  some  one  out  of 
ten  thousand  of  the  atDjamlets  whose  waters  enter  the  Medi- 
tenanesn  near  Alexandria  under  the  name  of  Nile  is  a  matter 
of  puerile  curiosity  rather  than  scientific  interest.  It  is  with 
the  Nile  as  with  most  of  the  great  rivers  of  the  oarth.  All  such 
rivers  combine  luany  important  etreams  coming  from  very  dif- 
ferent lands'.  Ill  the  raountHins  of  Abyssinia,  visited  by  Bruce, 
are  Bourees  hardly  leas  important  than  the  great  lakes  mora 
recently  reached.  Every  traveller  who  makes  a  great  and 
uccessful  effort  to  viait  a  district  before  uuviaitad,  deserves 


]5Q 


I'HTSIC^  GEoORAFSr. 


^^        uit 


well  of  his  fellow  mcTi,  anfl  shoald  be  welcomed  eccnrdinglj, 
and  in  proportion  to  Ihe  difficultiea  incurred  and  the  extent 
of  the  discoveries  yn\i  be  tbe  estimate  in  which  the  t^fl^elle^ 
must  be  held, 

One  other  point  requires  tjotice  before  considering  in  detail 
the  dminflge  areas  of  the  world.  The  greixt  river  systems  are 
not  necessarily  disconnected.  There  are  instanceSj  rare  but 
by  no  means  uuimpoTtant,  in  which  verj  Inrpfe  braucbea  of 
streams,  belonging  to  drainage  areas  altogether  distioct,  are 
connected  by  natural  channelSj  as  othei^  are  by  artificial  canals. 
Thus^  in  South  America  the  Amazons  conneots  mth  the  Ori- 
noco by  B  net  work  of  rivers  at  a  high  level.  There  is  nn 
other  instance  known  on  so  grand  a  scale.  Even  on  a  ^mall 
scale  they  are  rare.  There  is  no  confasion  whatever  a&  to  the 
drainage  areas  of  two  Btreams  thus  connected. 

It  will  naturally  and  inevitably  happen  that,  as  a  greater 
rain-fall  generally  takes  place  on  mountain  aides  and  high 
ground  than  on  low  pSains  and  in  valleys,  the  mltinmtfl  sources 
of  rivers  will  generally  connect  lliemsehes  with  mountain 
chains.  The  fall  of  water  from  a  higher  to  a  lower  level  is, 
indeed,  necessary  to  produce  a  river,  for  mthout  such  fall  the 
water  accumulatea  and  becomes  a  sivarap  or  lake.  The  actu&l 
differenee  of  level  between  the  original  sources  of  a  river  and 
the  sea  is,  boM'evefj  only  one  and  not  the  most  importaot  causfi 
of  its  rate  of  advance,  Streaiaawjth  a  moderate  fall,  but  run- 
ning svith  little  interruption  on  a  regular  slope  and  in  a  straight 
course  to  the  sea  with  a  lai^e  body  of  water^  are  the  moat  rapid. 
Those  which  aro  tortuous,  either  from  the  presence  of  hard 
rocks  in  their  line  of  course  or  from  being  obliged  to  wind 
through  a  broad  tract  of  low,  muddy  soil,  are  generally  very 
slow,  even  if  they  originate  at  extremely  high  levels.  The 
former  carry  the  detritus  they  bring  down  from  the  high 
grounds  into  the  sea.  The  latter  leave  it  behind^  and  by 
forming  deltas  are  continually  increaaing  the  distance  they 
hate  to  run  before  beeoming  lo3t  in  the  ocean.  AH  streams 
and  all  parts  of  every  stream  must  be  regarded  as  assisting  in 
the  great  work  of  denudation — removing  pftrtii.'ies  of  rock  and 
soil  from  the  higher  levels  end  depositing  them  below  on  the 
plains  or  at  their  mouths. 

River  systems  being  determined  by  the  streams  that  enter 
the  ocean,  it  is  convenient  to  consider  them  with  referenca  to 
tlie  great  ti^acts  of  water,  rather  than  the  great  ctmtiuenta.     It 
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fbe  too  tedious  to  enter  into  a  detailed  account  of  all  tha 
river  eyatems  in  the  world,  hut  an  outline  of  the  largest,  most 
important,  and  most  interesting  ia  essential  for  the  proper  oora- 
prehenaiou  of  this  part  of  our  snhject.  There  are  three  gr^t 
sub-diflisions  of  the  water  that  will  guide  ua  to  the  first  group- 
ing of  these  systems^  ttnd  the  natural  divisions  of  the  land  mH 
then  help  to  form  smaller  grouj>3.  Escept  as  regards  the 
British  group  it  would  be  impossible  to  include  islands  in  any 
general  consideration  of  the  great  river  ayatems,  as  each  island 
possesses  its  own  series,  often  as  numerous  as  those  of  large 
uontineata.  It  is  also-  necessary  to  exclude  the  small  streams 
that  drain  at  once  into  the  oeean  by  short  cour^es^  and  do  not 
connect  themsekos  with  the  afljaeeat  systems.  There  are 
certain  imjiortant  streams  entering  the  great  lakes  of  the  old 
world,  and  not  emet^ug  to  reach  the  ocean.  These  must  be 
considered  separately.  The  great  lakes  of  America  and  Africa 
connect  more  or  less  directly  wita  the  ocean. 

Emptying  into  the  Atlantic  ocean  and  into  tlie  varioua 
smaller  sens  opening  out  from  it  (the  Gulf  of  Mexico,  the  Medi- 
temmean,  and  the  Baltic),  we  find  a  list  which  includes  a  large 
proportion  of  the  principal  streams  of  the  world.  But  the 
natural  drainage  of  the  laud  is  onJy  partially  effected  by  these 
atreame.  It  will  be  couyenient  to  name  them  first  in  geo- 
graphical order,  beginning  with  the  north  coast  of  western 
Eumpe,  and  alluding  very  briefly  to  the  intervals  tlmt  occur 
wheu  there  is  a  long  line  of  coast  or  a  large  area  unaffected  by 
find  not  included  within  the  systems.  It  does  not  nei-essairily 
follow  that  there  h  unimportant  drainage  because  the  waters 
do  not  collect  into  large  channels. 

ComnaenciDg  with  the  Sc^idiuavian  peninsula  we  find  the 
whole  line  on  the  west  side  of  the  lofty  mountain  chain  that 
separates  Norway  from  Swedeo  entirely  without  any  consider- 
able stream.  Even  on  the  east  side  and  on  the  shorefl  of  the 
Gulfs  of  Bohemia  and  Finland,  although  there  are  many  lakes 
and  small  streams,  tb^re  is  little  drainage  by  rivers.  The 
rast  low  ]>lsins  to  the  east,  extending  to  the  Ural  mountains^ 
are  crossed  by  a  line  of  water-shed*  separating  the  drainage  of 
the  Arctic  Ocean  from  that  of  the  Csapiau  Sea,  The  Neva  is 
the  only  important  stream  that  flows  into  the  Baltic.  Fur- 
ther south  the  eastern  shores  of  the  Baltic  receive  the  Niemen 
and  the  Vistula,  all  of  comparatively  small  extent  of  drainage 
area,  and  separated  only  by  accidents  of  tlie  suttoitfc  Itowi'skL'i 
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tnbutaries  of  the  Don  and  Dneiper,  wliirh  run  iiilo  the  BIsck 
Sea.  The  Oier  sucteeds.  and  is  the  last  atreain  entering  the 
Baltic  to  which  ne  need  refer.  All  these  streams  run  ihmugh 
the  But  laodti  of  the  great  plain  of  uDrtisierQ  Europe,  and  thej 
offer  little  that  is  reiiiftrkable  in  their  coarse,  either  in  the  way 
of  aceueiy  or  g^eology.  The  Neva  conuects  Lake  Ladoga  with 
the  (ju^r  of  Finland,  and  is  thus  a  strait,  almost  fts  ieui;1l  as  a 
river.  Its  length  is  40  railea  [navigaWe  the  whole  distance), 
Lremlth  1.500  feetf  depth  50  feet.  It  is  estimatt'd  to  drain 
ftbout  90.000  square  Piiles  of  country.  The  Nicinei]  or  Memel 
runs  40U  miles,  receiving  two  principal  confluents,  and  drain- 
ing about  90,000  square  miles.  The  Vistula  is  a  mora  impor- 
tant dtream.  Riaing  in  the  Carjiathians  and  running  about 
530  miles,  including  windings,  it  nX  length  eaters  the  Baltic 
by  several  arms,  after  having  traversed  Poljind  and  Wratern 
Prussia,  and  received  in  its  course  several  tributaries.  It 
dmius  75,(100  square  rniles  of  country.  The  Oder,  also,  risea 
in  the  Carpathiana.  and,  after  runaiuK  450  miles,  enters  the 
Lake  of  Stettia,  after  which  it  [lassea  into  the  Baltic  by  three 
brauehee.  It  drains  50,000  square  miles.  These  various 
streams,  together,  drain  more  than  250,000  square  miles  of 
northern  Europe. 

The  streams  entering  the  German  Ocean  commence  witli 
the  Elbe,  which  ri»e&  in  the  Kieseugebirge  in  Bohemia  and 
runs  more  than  600  miles,  iutluding  windings.  It  receives 
the  Spree,  Moldau,  Eger,  Saale  and  other  streams.  Although 
rising  at  a  height  of  4,500  feet  above  the  sea,  its  bed  iii  all  the 
lower  part  of  its  course  is  very  low,  and  its  mouth  la  choked  up 
witii  mud  and  sand.  It  drains  56,000  square  miles.  Tlie 
Weser  is  a  smaller  strearaj  formed  by  the  union  of  the  Fulda 
and  Wenu  near  Hanover.  Its  total  course  is  about  250  miles^ 
and  it  drains  an  area  of  17,500  square  miles.  It  receives 
several  streams,  and  is  navigable  to  a  gieat  distance. 

We  next  come  to  the  Kliine,  one  of  the  chief  of  the  rivers  of 
Europe.  It  enters  the  (German  Ocean  after  a  loog  course, 
taking  its  riae  in  the  maiu  chain  of  the  Alps,  This  noble 
etream  has  not  a  direct  course  of  much  greater  length  than  the 
Elbe,  but  it  is  tt  far  more  important  stream.  The  Vorder  and 
Hinter  Khein  combine  to  form  the  Rhine,  commonly  so  called. 
Both  these  branches  proceed  from  glaciers  more  than  7,000 
feet  above  the  sea.  The  Rhine,  after  this  junction,  ruas  north 
to  the  Lake  of  Constance^  then  turns  ^vestwaiils  and  falb  SO 
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fpet  on  emerging  at  Schaffhausen.  Where  it  pasBes  Balm  it  is 
sdll  755  feel  above  Ihe  sea.  It  then  runs  atettfiily  to  tbe 
north.  couBtautly  increasmg  lij  the  aJLlitioiii  of  a  hast  of  im- 
portant tributaries,  of  which  the  Kinzig,  Xtckar,  MaJn.  Lahn, 
Ruhr  and  Lippe  come  m  from  the  rightj  and  the  TJuir.  Aiir, 
llle  anJ  Moselle  from  the  left.  PaBfiiiig  between  a  mountain 
gorge  below  Mayence  it  opens  out  again  n^ftr  Bonn  and  he- 
comes  very  wide.  After  entering  the  Netherlands  it  runs 
through  a  great  distance  of  delta  and  mud,  br*:jught  down  and 
deposited  hj  the  stream  itself  in  pRRt  times-  ]t  is  siilject  In 
fresheia  and  floods,  Tbe  tola]  course  of  the  Rhhie.  iiiL-lnding 
mndings,  ia  estimated  at  700  inileB,  and  tbe  area  of  drainngs 
at  iHTtOOO  square  milea. 

The  Britibh  islands  grouped  opposite  the  moutlis  of  tlie 
Rhine  present  a  Mnaideiable  srea  drained  by  three  or  four 
rivers  of  some  maf:;nitude,  and  a  number  of  others  much 
smaJler.  They  discharge  their  waters  some  into  the  Allaniie 
direct,  but  others  into  the  German  Ocean  and  tbe  St.  Georj^e's 
ChariDel,  The  Thames  and  the  Severn  are  the  largest  of  the 
English  streams.  The  Thames,  takes  its  rise  from  the  Gottea 
wolds,  a  range  of  limestone  hills  crossing  Eiiiifland  from  south- 
Ttest  to  noith-cflsti.  The  Severn  rises  in  the  VVelsh  luo^untnina. 
Both  receive  niany  triliutaries  tmd  convey  much  water.  Tbe 
Thames  riaes  about  3,70  feet  above  the  sea,  runs  315  miles 
find  drains  alwut  0.500  square  miles  of  country  into  the  Ger- 
man Ocean,  The  Severn  risfis  1,501)  feet  above  the  sea.  runs 
flIO  miles  and  drains  about  0,(HKl  square  tniles  into  the  Bris 
to!  Channel.  The  Shaunon,  the  principal  river  of  Ireland, 
rises  '-iya  feet:  above  the  sea,  mns  351  mdes  and  drains  3.flO(J 
gquare  miles  of  country  into  the  Atlautic  Of  the  othtr  rivers 
the  Trent  and  the  Ouse  in  Englmid.  the  Clyde  in  Scotland,  find 
the  Blackwater  in  Ireland,  are  the  principal. 

Ol'tbe  French  rivers  tbe  Seine,  the  Loire  and  the  Garonne, 
besides  some  of  Simaller  size,  enter  the  British  Chanm-l  or  the 
Jiay  of  Biscay.  The  Sehiie  and  Loire  rise  in  the  mid  He  of 
Franco,  the  former  in  tho  Cote  d'Or  the  latter  ia  die  ArdOche- 
Bolii  receive  important  and  uavif^able  tributaries.  The  Seine 
runs  41 J  miles  and  h  navigable  for  350,  It  drains  30, OOf) 
Btjiiare  miles.  The  Loire  runs  530  miles  and  dndns  45,35(1 
square  miles.  It  ia  subject  to  inundations  which  are  often 
very  destniclive.  It  entera  the  Boy  of  Biscay  by  a  wide  es- 
des  ^ith  it  a  vast  q^uautity  of  mud  which 


156 


PHYSICAL  eaOGRiPHT, 


colours  the  water  to  a  distance  of  many  miles  from  tlie  coast. 
The  Garonne  rises  in  the  Pyrenees,  and  after  300  miles 
lecetviss  the  Dordogne  and  enters  an  estuary  of  45  miles.  It 
is  thence  called  the  Giroudc.     It  drains  3a.&f50  square  miles. 

There  are  no  streams  of  iniportance  hetween  the  Gifonde 
and  the  Douro,  The  Landea  e^ttend  on  the  shores  of  the 
Bay  of  Biscay,  and  the  Pyrenees  fonu  a  coast  range  on  the 
north  of  Spain,  The  Douro  runs  for  400  miles,  hut  is  often 
nearly  dry.  It  drains  40.000  square  miles.  It  receives 
many  tiihutaries,  all  of  which  are  occasionally  dry.  The 
Tagus,  the  Guadiaua,  and  the  Guadalquivir,  are  of  the  same 
general  charaeler.  They  traverse  the  table  lands  of  the 
Iberian  peuingula*  generally  occupying  wide  fissures  in  lime- 
stone rock-  The  Tagus  Is  estimated  to  run  510  miles,  drain- 
ing Sfl.OUO  square  miles.  The  Guadiana  380  miles,  draining 
i6,000  square  miles,  and  the  Guadalquivir  ilSO  miles,  drain- 
ing 20,000  aquare  miles.  These  ara  the  principal  European 
rivers  on  the  Atlantic  coagt,  and  they  drain  in  all  an  area 
that  may  he  roughly  estimated  at  half  a  million  of  square 
miles. 

Thi3  Mediterranean  Basin  receives  a  large  drainage,  and 
many  very  important  streams.  On  the  Spanish  coast  is  the 
Ebro,  runiiius^  S-iO  railea,  and  drniuing  about  35,000  square 
miles  ijf  the  limestone  plati^au  of  Spain.  But  little  water  is 
discharged  by  this  or  any  of  the  streams  of  the  pepinsula. 
The  Rhone  is  mudi  more  important.  Rising  in  the  Alps,  it 
reaches  the  Lake  of  Geneva^  and  issues  from  that  lake  as  a 
lai^e  stream.  It  receives  several  important  tributaries,  of 
which  the  priucipal  ar**  the  Ain,  Saoue,  Ardeche,  and  Gard, 
on  the  right,  and  the  Isere,  Drome,  and  Durance,  on  the  left. 
After  runuiuw  a  swift  and  powerful  stream  about  650  miles, 
it  enters  the  upper  part  of  the  Gulf  of  Lj-ons,  in  the  filedi- 
ternmean,  by  a  number  of  mouths,  and  thrcntgh  aji  important 
delta.     It  drains  about  ST,000  Bquare  miles. 

No  riverB,  larger  than  mountain  streams,  enter  the  Medi- 
terranean from  the  western  slopes  of  the  Apennines,  except  the 
Amo  and  the  Tiijer,  end  on  the  eastern  side  thepe  is  no  large 
stream  till  we  reach  the  Po  and  the  Adige.  draining  the  great 
plains  of  Lorabardy.  The  Amo  runs  only  about  75  miles. 
It  runs  towards  the  west,  taking  Its  rise  in  some  of  the  higher 
Apennines,  at  a  level  of  more  than  4,000  feet  above  the  sea. 
It  is  a  rapid  streani.     The  Tibar  is  now  a  very  small  stream. 
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The  Po  is  n  noble  stream  running  380  miles  to  the  east, 
entirely  across  ihe  plains  of  Lombard^,  flod  r^c^iving  large 
and  important  feeders.  The  Adige  aecompanies  it,  find  haa  a 
course  of  230  milea.  The  country  drained  by  tliese  two 
streams  is  raore  than  40,000  aquare  miles  in  extent, 

Down  the  coast  of  Dalmatia,  and  along  the  Bhorea  and 
islmids  of  Greece,  aud  thence  along  the  coast,  aa  far  aa  ths 
Dftfdanellea,  there  is  no  impurtant  river.  Entering  the  chan- 
nel of  the  Hellespont,  and  crossbig  the  Sea  of  Marmora,  Yie 
come  into  the  Clack  Sea,  aud  are  tbere  met  by  the  Danube, 
which  ponra  ita  waters  eastwards  across  Europe^  ou  the  nofth 
Bide  of  the  Alps,  and  drains  a  vast  extent  of  knd.  This  great 
Btream  rises  near  the  lake  of  Constance,  at  an  elevation  of 
Sr850  feet  above  the  sea.  Its  course  ia  more  than  a  thouaaiid 
miles,  without  including  windings,  between  ita  source  and  the 
lilack  Sea.  It  receives  a  krge  number  of  ttibutariea,  of  winch 
the  most  important  are,  on  the  right,  the  Isar,  Inn,  Raab, 
Drave,  Suve,  Morave,  and  Isker.  On  Ihe  left  are  the  Altmiihl, 
Kegen,Waag,  Gran,  Thei^a,  Temes,  Aluta^  Sereth,  andPruth. 
Many  of  these  are  large  streams  with  other  important  tribu- 
taries. The  Danube  drains  upwards  of  SOOjOlJO  square  miles 
of  country.  It  separates  into  several  branches  near  its 
mouth,  and  terminates  in  a  delta  of  Rome  importance. 

The  Dniester  is  a  stream,  riaing  in  the  Carpathians, 
and  running  400  milc3  into  the  Black  Sea,  neiu"  Odestai, 
draining  about  30,001)  milea  of  eastern  Europe.  The  Dneiper 
is  a  much  more  important  atream,  nmning  through  a  large 
part  of  European  Russia.  Its  length  is  6^3  miles,  in  a  direct 
lioe,  am!  more  than  double  that,  if  the  winduigs  be  included 
It  drains  2'26,000  square  milea.  The  Don,  though  smaller 
thtLU  the  Dneiper,  ia  also  au  important  atream,  with  several 
confluents.  It  enters  the  Sea  of  Azof  by  many  months,  and 
through  a  large  delta.  It  runs  nearly  500  miles,  without 
including  windingSr  and  drains  324,000  square  miles.  Tltt- 
Kuban,  a  considerable,  but  little  known,  liverj  rises  on  the 
north  side  of  the  CaucHSUs,  aud  receives  the  dramage  of  the 
higher  mountains  of  the  Caucasus,  being  joined  by  a,  number 
of  tributariea.  It  enters  tlie  SLraita  of  Kertch,  hetweeu  the 
Sea  of  Azof  and  the  Blaok  Sea,  and  the  mud  and  detritus  it 
brings  down  help  much  to  close  tip  thu  channel  between  thi.^ 
two  aeiis.     lu  course-  is  listiinattd  at  8S0  miles. 

No  river  of  any  importance  or  magnitude  enters  the  Black 
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Sea  along  its  natera  or  aouUieni  shores  for  a  disttdce  of  A 
least  a  thousand  mil^. 

The  shores  of  the  Sea  of  MannoTa,  ami  af  Asm  Minor  u 
far  as  the  Istbmus  of  Suez,  are  vithout  amy  streams 
come  from  the  interior,  or  can  be  regarded  as  drauung  Ht 
ftpprecinble  tract  of  coimtiy.  The  nest  river  ibat  we  hnve  to 
consider  is  the  Great  Nile,  the  "  Father  of  waters"  of  the  dIJ 
world,  and  the  stream  which  hsA  &  louger  direct  co^Lrse  than 
ttoy  other. 

As  now  IcQOQ^  the  NGe  has  its  pnncipal  sources  amoog 
great  sheets  of  water^  permouentlj  esistiiig  at  a  high  ler^ 
(a, 000  to  4,000  feet  above  the  sea^^  m  the  far  interior  of 
A&ica,  in  latitude  about  3J°  &.  It  is  pivbahle  that  th<isa 
lakes  are  subject  to  great  chaoges  of  level.  As  the  Kile 
enters  the  Mediterranean  in  latitude  about  3 1 1**  N.  the  streafli 
thus  rsius  throngb  SO"  of  latitude,  or  nearly  -2,4^0  statute 
miles  in  a  direct  line  to  the  north.  Following  the  wiudiugS 
the  distance  must  considerably  exceed  ;^,U00  miles.  Tha 
Nile  receives,  several  very  large  tributarit^,  one  of  them  (the 
Blue  Nile)  being  an  importaut  stream,  formerly  regarded  as 
the  main  river.  It  dmins  also  a  vast  extent  of  country, 
perhaps  a  miUion  of  square  toilifs ;  but  it  must  yet  be  Jong 
before  all  the  tributaries  are  followed  to  their  sources,  sound 
of  them^  perhaps,  reaching  much  fmlher  westwards  into 
Central  Africa  tliaQ  there  is  at  preaeut  any  means  of  deter' 
mining.  The  Nile  ig  to  some  esteiit  a  nangable  tiver, 
but  the  navigation  is  intemipted  by  cataracts  or  raptda  a 
few  hundred  miles  above  Cairo.  From  latitude  SO**  S",  to 
latitudtt  31  J^>  N,  (nearly  1 10  miles)  there  is  a  l^rgt;  and  very 
important  dtlta,  through  which  the  Nile  passes  by  an  iu^nita 
multitude  of  channels  into  the  Meditcrranejin.  The  NCe  ia 
subject  to  peculiar  periodical  floods,  leading  behind  tbtm  mud 
which  fertilises  the  country.  The  watera  begui  to  rise  in 
June  and  subside  iu  September  lu  Upper  Egypt  the  amount 
of  the  rise  is  usually  SO  feet,  and  in  Cairo  it  reaches  'J4  feet. 
The  cause  of  the  tloodiug  of  the  Nile  is  not  clearly  known. 

There  is  no  important  stream  entering  the  JlediLerranean 
between  the  Nile  and  the  Straits  of  Gibraltftr.  Little  rain 
fulls  in  North  Africa,  and  no  rivers  cross  the  great  desert 
The  Atlas  mountains  are  too  near  the  Mediterranean  shores 
to  admit  of  any  imi>ortant  streams  being  formed. 

The  total  areas  of  country  draining  into  the  basin  of  the 
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tedltemuiean  and  the  grent  adjoining  waters  may  be  esti- 
mted  roughly  at  about  two  millioua  of  square  miles,  of  which 
fullj  oue  half  is  in  Africa,  and  four-fifths  of  tbo  remmiidfr 
eutera  the  Black  Sea.  Thus  a  very  small  proportion  (only 
ahotit  oiie-tenth)  can  he  traced  to  the  Torious  lauds  of  Europe 
south  of  the  Alp3.  Most  of  this  land  is  djy  and  very  absorb- 
ent, the  rain  that  ftdls  upin  it  not  running  off  in  streams  on 
ibe  Burfaee,  but  sLuking  iiito  the  fovk  mid  issuing  in  apriugs, 
or  couverted  at  once  to  the  piiqioutrg  uf  svyi^tiLtJuu, 

The  rivers  entering  the  Atlantic  from  the  west  toast  of 
Africa  tiie  but  few.  The  largest  of  all  is  the  Niger  or  Quorra. 
Its  sources  are  not  accurately  kuown,  but  it  oertaiuly  has  a 
long  course,  aud  brings  dowu  much  water  into  the  Gulf  of 
Guinea.  The  Senegal^  also  entoring  the  Atlantic,  is  a  large 
stream,  and  its  length  of  course  has  been  estimated  at  1,000 
miks.  It  is  partly  navigable,  and  one  of  its  brancheB  ia  a 
large  find  deep  stre&m.  The  OraogG  Rjver  or  Gariep  la  a. 
firsi-clflsa  stream  io  the  south,  and  has  been  traced  from 
a  great  distance.  It  receives  a  largo  tributaiy  (the  Vaalj, 
and  the  two  streams  together  are  estimated  to  have  a  course 
of  1,000  miles.  The  Gambia  aiii  the  Coanza  are  probably 
of  uearly  the  same  extent  and  area  of  drainage,  but  tbeip 
coui^s  are  not  accurately  known. 

On  the  western  side  of  the  Atlantic  the  position  of  the 
drainage  areas  is  somewhat  different.  Great  rivers,  their 
direction  aud  magnitude  being  determined  by  the  physical 
condition  of  the  surface,  pom-  into  the  Atlantic  the  accu- 
mulated watet^  from  the  eastern  side  of  the  Andes^  after 
traversing,  not  only  the  b^ea^itb|  but  much  of  the  length  of 
the  continent  of  South  America.  Commencing  in  the  south, 
we  find  that  for  a  long  distance,  the  Itmd  being  narrow,  the 
rivers  are  smaJL  In  latitude  35°  S.  enters  the  magnificent 
Pl&ta,  an  estuary  formed  by  the  junction  of  tlie  Parana  and 
Uruguay,  two  parallel  rivers  draining  by  their  numerous  tri- 
butaries nearly  a  million  and  a  quarter  square  miles.  The 
estuary  of  the  Plata  iS  20:)  milea  in  length,  and  where  it 
opens  into  the  Atlantic;  nearly  170  miles  across.  The  waters 
that  rush  through  it  into  the  ocean  ca.n  be  traced  200  milea 
from  the  mouth  of  the  efituary.  The  Parana  bmun^h  is  navig- 
able  I,!ioO  miles  for  lessth  of  300  tons,  and  the  total  length 
of  its  main  stream,  the  upper  part  of  which  is  called  the  Para- 
guay, is  nearly  3,000  milva  from  its  souice  to  tbe  sea.     The 
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Uruguaj  is  shorter.  The  maia  drainage  aree.  of  the  Plata  is 
to  the  north,  both  its  gr*nt  tributaries  rumiiiig  south  and 
east.  Waters  that  enter  the  Plata  rise  within  three  miles  of 
part  of  the  system  of  the  Arasizon. 

The  Amazoj)  river,  with  its  immeroua  tributaries  and  im- 
portant bmncbefj,  is  another  of  those  great  syatema  of  waters 
that  reader  tte  physical  geography  of  the  American  con- 
tineut  so  remarkable.  Under  various  names  it  draiaa  con- 
Biderablj  more  than  two  millions  of  square  miles.  Tbo 
maiu  Ktrfam  enters  the  Atlantic  by  two  principal  arms,  thtj 
Amazon  to  the  north,  and  the  Para  to  the  south.  The 
Amazon  is  certainly  in  many  respects  the  largest  and  most 
important  system  of  rivers  in  the  world.  The  upper  part 
trjiversing  Peru  is  called  the  Maraiton.  Wbeu  it  enters 
Braail  it  becomes  the  Rio  Negro,  The  minie  Amazon  is 
applied  only  to  that  part  below  the  point  where  the  Apurimac 
joins  the  Eio  Kegro.  By  a  branch  of  the  Eio  Negi*o  (the 
Caaiquiare,  a  natural  canalj)  the  Amazon  connects  with  the 
Orinoco.  The  total  length  of  one  stream  of  the  river  to  the 
gea  ii?  nearly  1,800  miles  in  a  direct  line,  but,  including  wind- 
ings, tht'  distance  is  estimated  at  i.DOtl  miles.  Twenty  great 
rivere,  all  navigable  nearly  to  thtir  source^,  help  to  fill  this 
great  channel,  which  runs  at  a  mediiim  rate  of  3^  miles  an 
hour.  The  tide  ascenda  for  more  than  400  mile?,  at  which 
distance  the  stream  is  still  a  mile  wide.  At  spring  tides  a 
hore  or  nmh  of  wats'r  carries  up  a  wave  IQ  or  15  feet  in 
height.  The  Para,  the  southern  branch  of  the  Amazona. 
receives  the  Tocuntins,  another  great  river.  It  ia  40  mUee 
wide,  where  it  enters  the  sea. 

Next  beyond  the  Amazon,  but  at  a  great  distaucs  to  the 
north,  comes  in  the  Orinoco,  only  inferior  to  the  Amazon  and 
Plata,  It  runs  for  1,600  miles,  &nd  drains  an  area  of  335,000 
square  miles,  receiving  trilmtiiries,  some  of  which  are  navigable 
for  200  milea.  The  tides  reach  about  300  miles  above  its 
mouth,  and  at  that  point  the  river  is  btill  four  miles  in  mdth. 
It  has  a  vast  delta  entering  the  sea  by  numerous  moutks. 

The  Magdalena  ia  a  river  running  for  a  distance  of  more 
than  800  miles  with  a  very  rapid  current,  and  entering  the 
Caribhean  Se«  with  the  dtaiuage  of  nearly  100,00u  square 
milea  of  the  north-westei*u  corner  of  South  America.  It  is  a 
noble  and  important  stream,  though  the  smallest  of  the  three 
principal  rivers  of  the  Mexican  Gulf.     The  Rio  del  Norte, 
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unetimes  called  tlie  "Rio  Grande,  or  Rio  Bravo  del  Norte,  is 
larpjer  thau  llie  Miigdaleiia.  It  draina  an  important  section 
of  North  America,  and  its  drainage  area  is  separiibed  from  that 
of  the  Mngdflleiia  bj  the  ivhole  of  CeiitrMl  America,  ft'here 
there  tire  no  importiint  rivera.  The  Rio  Grande  mna  for 
nearly  2.000  miles,  having  some  lai^e  trilmtariea.  It  drains 
a  quarter  of  a  million  of  eqnaro  miles  of  coitntry,  but  owing  to 
numeroiia  rapidg,  atid  ehoals.  and  a  bar  at  its  entrance,  it  is 
not  navigable  for  largo  vessels.  Tha  waters  of  theMagdaleaa, 
risina  almost  under  the  equator,  meet  and  mis  m^  those 
which  proceed  from  the  Rocky  Mountains,  in  latitude  41" 
north. 

The  great  father  of  water?,  the  Mississippi,  combining  iu 
one  system  the  waters  of  the  Missouri,  the  Ohio,  the  Arbw- 
sas  and  &  host  of  other  streitms  of  great  volume,  entera  the 
Gulf  of  Mexico  not  far  from  tlic  mouth  of  tho  Rio  Grande. 
The  Mississippi- Mi asoiui  system  doiie  drains  a  million  and  a 
hiilf  square  miles,  or  more  than  one-sixth  part  of  the  area  of 
North  America.  The  total  length  of  the  stream,  from  the 
source  of  the  Missouri  to  the  Gulf  of  Mexico,  including  wind- 
ings, J3  nearly  4.&00  miles.  The  nyerage!  descent  of  the 
water  from  the  Missouri  soureo  to  the  mouth  qf  the  Miaeis- 
Bjppi  is  five  incbea  per  miloj  but  the  water  falls  rapidly  at 
first,  leaping  over  many  cataracts,  and  thus,  in  the  latter  part 
of  its  course,  its  bed  has  little  depression,  and  it  runs  slug- 
gishly, though  its  waters  are  very  deep.  It  termlnatea  in  a 
couaiderablL-  d^lta.  Of  the  various  streams  that  combine  to 
form  the  Mississippi,  the  Missouri  is  one  of  the  most  impor- 

nt.  It  riises  in  the  Eoclcy  Mountains,  and  flows  rapidly  to 
eflet  and  south,  receiving  several  liu'ge  tributaries  chiefly 

im  the  west.  At  ita  junction  with  the  Mississippi  it  is 
*3,tiQ0  feet  aerosa.  It  is  navigable  for  3^570  miles  above  ita 
junction  with  the  Missisaippi.  Ita  whole  course  to  tho  junc- 
tion is  3,100 miles,  including  windings. 

The  Ohio  is  another  moat  important  tributary.  It  is 
formed  by  the  junction  of  the  Alleghany  and  Monongahela 
rivers  at  Pittsburg,  in  Pennsylvania,  and  thence  runs  more 
than  1,000  miles  before  joining  the  Mississippi.  It  is  esti- 
mated to  dinin  900,000  square  niile&  of  countiy.  Tho  Arhan- 
8ns  ean-ies  the  drainage  of  190,000  square  milcSf  and  joins  its 
confluent  aft^er  running  '2,170  miles  from  its  boiu'cb  in  thn 

Kcky  Mountains.  The  Rod  Paver,  anothci:  tributat'j  <sC  VW. 
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Mississippi,  entere  only  130  miles  aboTe  Xew  Orleans,  after 
rupning  1,500  mileg  from  the  foot  of  the  Rocky  Mouiitaina, 
veAf  Santa  Fe.  in  Mesico. 

From  the  Mississippi  round  the  south  aad  east  coast  of 
North  America  there  are  uumoroua  streams  which  in  Europe 
ivould  be  cousijfied  large,  although,  compared  with  the  vast 
ayatems  just  described,  thejscemiusigniScaut.  They  include 
the  Alabama,  which,  after  running  560  miles  ffom  the  north, 
13  joined  by  tlie  Tumbigbee,  which  has  come  down  about  S60 
miles,  and  then,  under  the  name  of  Mobile  River,  runa  40 
mik'S  into  the  GulJ  of  Mexico*  Next  tve  have  the  Savannah, 
and,  iifterwards,  the  Roanoke,  the  latter  entering  the  Atlaulie 
in  Albemarle  Sound,  after  a  courst^  of  300  mHes.  of  Tvhich 
the  last  75  are  uavijjable.  The  James  RiTer  rises  in  the  Al- 
lef^liauies,  and  rims,  also,  about  300  miltis  into  Cheaapeake 
-Biiy.  The  Potomsc  enters  the  same  bay,  after  runuiug  400 
mil^,  also  from  the  AUeghauiea.  The  Susquehanna  rises  in 
the  st&te  of  Xew  York,  aud  enters  Chesapeake  Bay  after  ft 
course  of  350  miles,  r&ceiving  several  affluents.  The  Delaware 
is  a  similar  stream,  from  the  Catskill  Mountains.  The  Hud- 
son is  an  important  river,  navigable  for  large  ships  for  150 
miles  from  its  mouth,  aud  forming  by  its  e-Stutry  thfl  harbour 
of  New  York.  The  Connecticut  River  i^  thi?  principal  river  of 
New  Englfltid,  and  its  course  ia  estimated  at  410  miles. 

The  St.  Lawrence  is  a  gigantic  stream,  traversing  the  whole 
ftystem  of  the  great  lakes  of  North  America,  and  estimated  to 
drain  300,000  square  roiks  of  country,  of  which  one-third 
cuusials  of  the  lakes  themaelves.  The  direct  length  of  its 
course  apjiroaches  1,000  miles,  aud  its  mouth  is  100  miles 
wide.  Including  windings  its  length  amounts  to  '2,000  miles. 
It  receivea  severai  tributaries  from  the  north.  Near  its 
mouth,  in  the  huge  estuary  formed  below  Quebec,  a  vaat  num- 
ber of  islands  communicate  an  extraordinary  appearance  to 
this  stream. 

Such  are  the  conditions  of  the  lands  endoeing  the  Atlantic 
Ocean  in  respect  to  natural  di'ainage  by  rivers.  Gigantic  Bys- 
tt^ms  characterise  some  very  impoiiant  tracts,  while,  elsewhere, 
there  are  intervsls  of  coast  line,  exceeding  1,000  miles  in 
length,  without  any  river  of  serious  importance.  I^t  us  now 
briefly  advert  to  the  river  systems  in  the  Indian  Ocean  aud 
pacific^ 

The  south  and  east  co^t  of  Africa  la  broken  by  few  rivers 


Tnternest,  with  tbe  exceptioc  of  the  Zambeaii  whicli,  howevipr, 
.Ithough  one  of  the  most  remarkable  streams  in  the  world  for 
the  extent  of  its  internul  communications,  ia  scfirctly  arces- 
aible  from  the  aea,  and  does  not  deliver  a  very  lai'ge  quantity  of 
water.  Tke  Great  Fish  Rivef.  (dbout  930  miles  direct  coursel, 
is  the  uiily  other  strs?am  that  Meeds  mention.  The  greater 
part  of  thii  di^ainage  of  the  Zambesi  does  not  reach  the  cpast, 
aud  tkua  this  river  was  little  known,  and  not  recogniaeii  as  iiii 
importaiit  strearai  till  deseribed  by  Livingstone  ia  185ft.  Its 
delw.  ia  300  miles  in  length,  und  its  whole  course  much  mom 
than  1,000  miles.  It  di'aius  a  very  large  tract  of  Africa 
south  of  the  equator.  There  are  no  important  riveps  of  the 
Intliaii  Ocean  systf  in  north  of  the  Zambesi  in  Afi'ioa,  none  in 
Madagoeoar,  and  none  in  Arabia. 

The  Tigris  is  a  river  of  nearly  1,0:00  miles  length  of  course,' 
joining  the  Kuphrati^s.  which  drains  almost  the  whok  of 
Asiatic  Turkey  nud  terminates  in  the  Persian  Gulf,  The 
course  of  the  Euphrates  is  J  ,800  miles*  recoiviug  several  tri- 
butaries Iw^sidoa  the  Tigris^  and  brining  into  the  PerBian 
Gulf  a  larj^e  quantity  of  mud.  The  area  drained  is  not  less 
than  *2Hn,nO0  square  miles.  The  Indus  is  a  river  of  the  first 
class,  rising  in  Thibet,  18,000  feet  above  the  sea,  and  running 
1,800  miles  into  the  Indian  Oceftn,  It  receives  five  cousider- 
stblt^  Btreams  (whence  the  name  Pun-jab)  and  m  navigable  for 
nearly  1,000  miles,  Its  course  is  rapid,  and  it  carries  down 
enormous  quaiitities  of  detritus.  It  drdna  bilf  a  million  of 
square  milt-a  of  India,  There  are  no  impoi^tant  streams 
entering  the  Indian  Ocean  on  tho  west  coast  of  the  peninsidR, 
but  the  KisLtia  and  Godavery  both  rise  from  points  of  consider- 
able elevation  in  the  Dewsm,  nnd  run  eastwards  into  the  Bay 
of  Bengal,  The  former  niiis  800  miles,  the  latter  900  mllea, 
both  receiving  couaiderablf^  ti'lbuttuics.  Together  they  draiji 
950,000  square  miles  of  couutrj". 

The  Ganges  and  IJmhmapootra,  two  of  the  great  rivera  of 
the  world-  coaibint-  to  pour  their  waters  into  the  head  of  the 
Bay  of  Bengal,  through  a  large  dtilta  of  mud,  formed  by  their 
mutual  coiilt'ibutions.  The  Ganges  flows  from  the  weBt. 
through  1,500  miles  of  northern  IniUa,  receiving  numerous 
Bti'eams  and  brin^^iug  down  a  vast  quantity  of  mud*  esjjeeially 
at  certain  seasons.  The  fall  is  inconsiderable  for  the  greater 
part  of  the  course.  The  Bramahpootra  consists  of  the  junc- 
rtiou  of  two  principal  atrcamis,  one  rising  in  Thib<st'asi,'i.ft^\i\M'i^ 
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west,  the  otLer  rising  near  the  soyyces  of  tlie  Indaa  and  flow- 
ing east.  Tlie  totjil  leuglh  of  course  of  the  principal  sU'eam 
from  the  enst  (which  is  not  iho  longest)  ia  wbout  1,000  miles. 
At  some  aeaaoiis  it  diacboryes  more  water  than  the  Ganges. 
The  Giiiifiea  And  Bramalipootra  together  drain  about  580^000 
square  Tuilta. 

The  Iniwaddy  ii3,  another  river  of  gigantic  proportions.  It 
is  believeil  to  rise  in  Thibet,  and  after  trnvereing  the  Birmim 
Empire,  mid  passing  through  vatrt  forests  of  teat,  it  forms  a 
]arge  delta,  thruugh  which  uumeTOus  streams  enter  the  ocesn. 
The  delta,  aloiie,  occupies  10,000  square  milts.  The  direct 
course  of  the  stream  is  l,^yO  miles,  and  the  total  drainage 
area  440,000  square  miles.  The  Menam  is  another  important 
stream,  traversing  Cochin  China.  Its  drainage  area  is  es- 
timated at  half  that  of  the  Ganges. 

AVe  come,  nrxt,  to  tiio  great  rivers  of  China.  In  China 
proper,  the  two  t-hiuf  stn.'nms  aru  tiie  Ya^ug-tite-liiung  nad 
Hoaug-ho,  The  total  course  of  the  "iang-t^e-kjang  ig  ],75fl 
miles  in  a  direct  line,  or  ii.'^OO  including  windings.  The  tide 
ascends  450  miles,  and  it  opens  into  the  sea  bv  an  estuaij 
30  miles  across.  The  river  ia  formed  by  the  junction  of  two 
principal  blanches  coming  from  Eas^t  TliilM?t,  near  the  source 
of  the  Iraw^ddy.  After  thej  imction  it  haaa  very  tortuous  courae, 
and  receives  numerous  large  tributaries.  There  are  many  low 
islands  at  the  mouth,  foruud  by  the  mud  hrought  down  bj  it. 
It  drains  nil  the  central  provinces  of  China ;  tbti  total  ai'ea 
being  estimated  at  727,000  square  mi}es.  The  Hnang-ho,  or 
Yellow  river,  also  rises  in  Thibet,  and  enters  the  Yellow  Sea 
K  little  to  the  north  of  tlie  Yang-tze-kiitng,  after  running 
about  1,3'-J5  milctit  not  including  ivindings,  which  double  itfi 
length.  It  has  two  chief  tributaries.  It  hrings  doiiSii  vast 
quantities  of  yellow  mud  ;  whence  its  name.  Its  drainftge 
area  is  estimated  at  T".^0,000  square  miles. 

North  of  China  conius  in  the  Amoor,  a  ^^ntic  river  navi- 
gable for  y,200  milea  by  steamers,  and  formed  by  the  junction 
of  two  principiil  rivers  rinsing  in  the  central  part  of  Northern 
Asia,  The  total  length  of  course,  incluihng  windinga,  is 
S,750  tnilcg.     It  drains  780,000  square  miles. 

The  large  streams  that  enter  the  ocean  on  the  west  coast  of 
America  are  few  in  number.  In  the  north  we  have  Fraser 
River,  in  British  Columbia,  which  risee  in  the  Kocky  Mouii* 
tains,  near  Mount  Hooker,  and  flows  for  about  GSO  nailes, 
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first  NW.,  thon  W.,  mid  finally  S.  into  the  Gulf  of  Georgia* 
betvTPeu  Viracouver's  Island  iinJ  the  mniiiliind-  It  reMives 
Beverid  tribiitiiriea,  and  draiua  a  considi^ralile  area.  The 
Columbia,  or  Oresou  Hiver,  has  a  rourae  of  I, OHO  miles, 
rectiiviug  larj^i;  iifBucntSj  aud  entcriug  the  Pacific  iu  latitude 
40"  5'  N.  Tlir  Sacramouto  is  a  smallcj'  stream,  buC  with  a 
large  drainage  area.  Tho  Colorado  of  Upper  California  rniia 
about  70'>  miles  into  the  upper  part  of  tbi'  Gulf  af  Califuniia. 
There  is  no  stri^am  of  importance  crvmiiiyr  down  n'oiu  the 
■western  slopi?  of  the  Audes,  all  the  lautls  httweeu  tht;  Pacilic 
Bad  the  water-shod  bang  dry,  and  the  raius  falling  almost 
iSclusivelj  on  the  eo-steru  side. 
Auatiulia  is  rtuiarkable  for  th(3  extreme  rarity  and  emall- 
HBss  of  its  livrra  in  proportion  to  the  extent  of  t\m  land.  Tlia 
onlj  istTHim  of  impoi'tauee  ia  thej  Murray,  with  its  triliutaries, 
the  Darling,  Morumbidgeej  and  othiirs.  After  a  tortuous 
coitrs*?,  ooninieu.eing  at  the  west  side  o£  the  gi'eat  mountain 
chain  that  runs  pftraikd  to  tha  east  const  of  Austridiii,  and 
continuing  for  ah^ut  l,!]lQfl  milt^,  it  enters  ^h^^  ocean  aa  u 
noble  stream,  in  latitude  So"*  :iu' S.,  longitude  139"  E.  It 
drains  tbe  south  eiisterii  portion  of  Auatrulia. 

B%sides  the  qrefit  rivers  emptyinp;;  into  the  Atlantic  and 
PacLfie,  there  are  others  that  [x»ur  thoir  waters  into  tlie  Arctic 
ooeau.  These  are  numerous,  and  of  gigantic  eizc?.  and  drain 
a.  marked  proportion  of  the  hnid  of  thif  eastern  hemisphere, 
north  of  the  equator.  Commenchig  with  those  most  to  the 
west.  v!c  find  the  Dwiua,  which  snt-i-fH  the  White  Sea  by 
tfeveTal  mouths,  after  traversing  about  3^0  miles  of  Northern 
Ktissia,  and  draitiin;^  44,500  square  miles.  The  Petchora 
rises  in  the  Ural  and  enters  the  Arctic  Oeean,  after  a  course 
of  1,000  miles  through  European  Russia,  draining  bS.OOO 
square  milesi.  In  Asiatic  F«,ua=iia,  there  ia  the  Obe,  with  its 
mighty  tributai-y  the  Irtish,  coming  from  the  Altai  momitaina, 
and,  after  a.  coufye  of  2,000  milea^  etitHviuj  a  wiile  gulf  oP 
estuary  of  the  Ai'ctif;  sea,  draining  a  million  and  a  half  of 
square  miles  of  northern  Asia.  The  Irtish  has  a  courae  of 
1,700  miles,  nearly  half  of  it  through  China,  and  receives 
large  tributaries,  It  enters  the  Obe  alioul  180  miles  north 
of  Tobolsk.  The  Yenisei  drains  a  million  of  square  miles  of 
the  country  east  of  the  drainage  of  the  Ohe,  and  its  course  is 
estimated  at  S.lWt}  miles.  It  is  a  broad  ajid  deep  sti'oam, 
jeceivLug  many  tributaiies,  ami  the  sur^^ilus  Viat^va  o£  LsJift 
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Buikal-  It  enters  tbe  Ai-ctic  Sea  by  an  estuary  3  0  miles  wide. 
Tlie  Lena  is  scmcely  less  itnpurtAnt,  though  it  drains  a  eome- 
fflmt  smaller  area,  (900,00(J  square  miles,)  It  runs  for  about 
^,400  milos,  entering  the  Arctic  Ocean  by  uumorous  mouthg.. 
Eight  bundri^d  miles  from  the*  gea,  it  is  between  five  and  feix 
miles  in  nidtb,  ami  would  be  navigable,  but  that  it  flows  for  a 
gieat  diataoce  through  frozPTi  drsLTts.  It  is  the  last  of  the 
great  streams  runniup  northwards  through  Abiq.  The  Indi- 
diirka.  whkh  enters  the  sea  to  the  east  of  the  Lena,  runs  only 
for  750  miles,  dmiuing  1 15,000  square  miles,  ami  the  Kolyma, 
alt^dOgb  it  terminates  with  a  ^ide  estuaiy,  (longitude  101*. 
30'  Ei),  has  a  course  of  about  the  same  length,  draining, 
however,  150,000  square  miles,  Ou  the  other  continent,  the 
Mackenzie  lliver,  of  North  America,  discharges  its  waters  into 
the  Arctic  Ocean,  after  running  about  000  miles  from  the 
Great  Slavia  Lake,  and  receiving  larpje  trilutariea,  but  it  can 
produce  little  effect,  in  comparison  irith  thui  gi'cat  river  systems 
vre  have  been  consideriug.  It  is  eatimated  to  drain  600,000 
square  miles.  The  Saskatcbevan  and  Cbur'diill  ure  streams 
draining  into  the  Arctic  Sea  large  portions  of  the  tlnnly  in- 
habited countries  in  Northern  America. 

There  iire  some,  and  not  inconsiderable  rivera  in  the  TTorld 
tbat  do  not  reach  the  sea,  ttTminating  jn  lakes  tbat  liave  no 
outlet.  The  Caspian  Sea  is  the  largest  and  moat  importout 
of  such  lakes,  Jind  it  rec*ivi?s  the  waters  of  the  Volga,  the 
Ural  and  the  Kur.  The  Volga  is  a  noble  stream,  hiiving  a 
longer  course  than  any  other  European  river.  It  rises  in  the 
Valdai  H;lls,  550  feet  sbove  the  sea,  and  enters  the  Caspian, 
aft*T  running  southwards  for  a  thousand  miles  in  a  direct  line, 
or  2,400  mUea  including  windings.  It  drains  more  tlian  half 
a  million  square  miles.  An  the  surface  of  the  Caspian  Sea 
id  at  a  much  lower  leVi^l  than  the  ocean  tbe  total  full  of  the 
Volga  is  G3a  feet,  It  receives  many  considerable  tribntariea. 
The  Ural  is  also  a  very  large  river,  draining  more  than 
100,000  square  miles,  and  running  1*800  miles,  including 
windings.  It  drains  the  country  to  the  north  and  east  of  the 
Caspian.  It  rises  on  the  east  side  of  the  Ural  mountains. 
The  Volga  drains  tbe  country  on  the  western  side  of  the  chain. 
The  Kur  (Cyrus)  enters  thft  Caspifln  on  the  south-west,  after 
running  through  Georgia,  along  a  course  of  yiiO  miles, 
draining  neavl)    100,000  square   miles,     Ileuoe  it   appeara 


L         that  tbe  Caspian,  whose  area  is  about  34^000  square  miles        J 
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receivt^s  three  rivers  of  considerable  importance,  draining  in 
all  nearly  700,000  squiire  miles,  besides  numerous  amaller 
slreania,  but  that,  in  spite  of  these  coutrilmtions,  thf  evapo- 
ration rrom  ita  surface  ia  such  as  to  Iseep  l"  ■  kvwl  more  than 
^i'O  ft-et  btrlow  that  of  the  general  ocean,  t\  ith  which  it  must 
once  have  covres ponded. 

The  Sta  of  Aral  also  receives  a  considerable  drninage.  The 
Oxua,  one  of  the  great  rivers  of  Central  Aaia.  comrueucea  in  a 
lake  at  an  elevation  of  15,600  feet  above  the  sea,  and  after 
running;  1,600  miles  (9*^0  in  a  direct  line),  and  receiving  large 
affluent's,  enters  tVie  Sea  of  Aral  on  the  south  aide  hj  nu- 
merous mouths.  It  drains  260,000  square  miles.  On  the 
east  the  Sir  or  Juiartea,  a  lai^e  and  Jmpoitaut  stream,  eutere 
the  lake  by  two  mouths,  after  ninning  1,360  ruiles  (direct 
course  080  mileaj  through  JJjiO,000  s*xuare  miles  of  country. 

Such  are  the  main  facts  connected  with  the  great  river 
sjsteroa  of  the  earth.  If  represented  in  their  resiUta,  and  in 
a  tabular  form,  they  wiD  ajipenr  as  follawa : — 


From  tbia  it  itppears  that  mucli  kss  tb&n  t^o-fifths  of  the 
land  of  the  earth  is  included  in  the  dritlnage  areas  assumed. 
A  very  krge  part  of  Africa,  four-fiftlis  of  Australia,  a  large 
proportion  of  South  America,  aud  vast  tracts  iu  North 
America  and  Northern  Asia,  beBides  the  great  Jslanda  of  the 
world,  must  be  brougbt  into  account  to  make  up  this  differ- 
ence ;  but  it  is  c\tiHf  after  all  that  C5!ilj  a  snuill  part  of  the 
earth's  surface  is  iu  any  proper  sense  draiued  by  the  gi'tiat 
rivers. 

It  should  not  bo  forgotten  that  rirer  sjBtems  include 
properly  only  those  areaa  draining  directly  into  some  one 
stream  in  its  progress  through  the  laiiJ.  There  are  ou  all 
coasts  very  long  distances  betwwn  the  moutlis  of  great  rivers, 
and  often  there  are  numerous  depressions  aud  ravines, 
bringing  do^yn  flood  water  in  large  qmintity.  There  is  from 
the  nature  of  the  case  great  irregularity  iu  the  mode  iu  which 
such  supplies  reach  the  sea,  and  much  will  depend  on  the 
climate,  and  the  mode  in  which  the  rain-fiJl  is  distributed. 
It  is  safe  to  reckon  as  a  general  rule  that  about  oue-tbird 
of  the  total  raiu-fall  of  every  principal  drainage  area  enters 
the  sea  by  the  main  channel,  hut  that  in  addition  to  this  a 
large  quantity,  amounting  in  some  cases  to  a  sixth  part  of 
the  whole,  may  reach  tho  sea  without  entering  the  main 
stream. 


As  mere  are  naturol  chnnnela  on  the  earth's  surface,  along 
^fbicli  water  that  hiis  fallen  fi'ora  the  ^Uies  as  rain,  or  rises 
from  the  earth  hi  springs,  makes  its  miy  from  the  higher 
grounds  to  the  SQa,  so  lakes  are  lilepressious  or  basins  in 
which  the  running  water,  checked  in  its  progress:,  is  forced 
to  flcciimiilate  Biitil  it  overflowa  the  edge  of  the  basin,  or  dU 
it  finds  an  outlet  of  equal  L-apfitity  mih  the  entering  stream. 
Should  there  be  uo  sirnh  outlet  it.  is  clear  that  the  water 
must  contiuue  to  accumulate  until  the  evaporation  from  the 
surface  equals  the  quaiititi,'  of  in-coming  water.  It  is  neces- 
sary that  the  rea^LT  shoidd  recognise  cleai'lj  the  force  of  this 
definition.  All  lakes  ai"e  thus  formtd,  excejpt  those  Tvliich 
wertj  once  in  direct  commmuca.tion  with  the  ocean,  and 
formed  pajt  of  it,  Thewe  mtist  also  he  receiving  daily  &np- 
plies  of  fresh  water,  or  they  would  become  evaporated-  Uu 
less  it  is  borne  iu  mind  that  lakes  are  parts  of  the  water 
reaJly  circulating  on  the  earth,  and  are  alwiiys  beiiiR  added 
to  or  ditniiiiinht'df  r  fid:,^e  notion  of  their  uses  and  of  their  in- 
flneace  in  phj-sical  f^'eographj  must  rtsult. 

Attending  to  this  doftnitioUj  it  will  be  seen  that  there  may- 
be lakea  having  vtny  i^ifferent  appearances,  though  all  are 
caused  in  the  same  way.  Tims  there  are  mountain  lake's, 
generally  expansions  of  tht^  valleje  or  natm'al  channels  through 
which  streams  pass  in  the  upper  part  of  their  course,  and 
while  they  are  rT.innin^f  with  some  rapidity.  Such  are  tho 
Swiss,  Italian,  aad  En«^lish  lakes,  remarkable  for  tlieir  pic- 
turesque beauty,  because  in  the  neighbourhood  of  mouutOLiiia 
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find  shut  in  by  high  cliffs  or  lofty  vralls  of  rock.  They 
sparkle  with  pure  fresh  wtiter,  or  are  black  with  the  pentj 
matter  of  the  hollows  over  which  the  waLt-r  baa  passed.  There 
is  no  limit  to  the  height  at  which  such  lakes  may  txist,  but  that 
of  the  mouDtains  among  which  they  occur.  They  are  ofteu 
small,  and  generally  longer  than  they  are  wide.  They  are 
portions  of  valleys,  aad  partake  of  the  general  character  of  the 
suirouuding  sceiier}'.  They  are  almost  infinitely  multiplied, 
for  th«  ijame  may  be  applied  to  any  body  of  water  whose  rate 
of  progrtss  has  been  Btiisibly  diminish'ed  in  iiny  part  by  this 
tempomry  espaiisioii  of  the  channel,  and  it  is  used  aJmoat 
without  riL'fereuce  to  magnitude.  Very  small  mountain  lakes 
wr<'  stirat'times  called  "tarus." 

Lakes  must  vary  according  to  the  relative  rate  of  entry  and 
4lischarge  of  the  water,  aud  the  amount  of  evaporation,  from 
the  surface.  In  some  cases  the  evaporation  will  he  little 
gi-epter  ihnn  it  would  have  been  from  the  river  if  it  had  not 
l>eeu  checked.  All  that  is  necessary  to  form  a  lake  is  that 
the  water  should  be  preveuted  from  flowing  for  a  time  by 
pome  irremovabk;  obataclo,  so  that  there  is  an  accumulation 
of  its  volume  in  an  enlargeil  bed.  Lakes  thus  formed  are 
generally  pei-maucnt,  and  subject  to  verj*^  little  alteration  of 
height  or  area.  Their  history  is  a  matter  which  we  eball 
have  to  consider  afterwards. 

But  wheu  water  has  issued  from  the  mountaiiia,  and  is 
traversing  a  part  of  the  countiy  comparatively  plain,  when 
there  are  no  apparent  obstacles  to  overcome,  and  the  stream 
occupies  local  depressions  of  the  surface  because  it  baa  little 
or  no  motive  power»  the  lake  becomes  a  pool  or  pond,  the 
water  becomes  appai^eutly  atagiiaut,  aud  although  u  cousider- 
iible  stream  may  euter  at  one  extremity,  and  a  large  body  of 
water  Jssui?  from  the  otber^  the  water  in  the  lake  itself  will 
not  be  in  motion.  Evaporation  then  removes  a  certain 
quantity,  and  the  magnitude  of  the  pool  must  depend  on  the 
ratio  between  supply  and  evaporation.  GeneitJly.  when  the 
one  is  gr<?atest  the  othef  is  smallcBt,  and  thus  such  lakes  are 
very  irregular  in  Bize.  Lake  Torreus,  in  Australia,  Lake 
Tchad,  and  other  great  lakea  in  Africa,  are  among  the  moat 
striking  iUustrationa.  These  pools  sometimes  disappear  alinost 
entirely,  and  at  other  times  are  of  dimensions  so  large  as 
almost  to  rank  among  the  principal  lakes  of  the  world. 

In  a  few  instances  there  is  good  evidence  of  the  former 
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preeence  of  the  ocean  at  its  usunl  level  in  places  wbere  we 
'  hitTP  lakes,  whose  surface  is  lielow  the  sea  level.  In  these 
GB  wc  have  oxamples  of  portions  of  the  bed  of  the  ocean, 
vhich.  by  some  accident,  have  been  separdted  from  the  rest 
of  tbe  acpHu  floor  without  having  themgelves  been  elevated. 
It  18  a  praccris,  the  exact  coiiv&rBK  of  the  fonotition  of  an 
island  by  the  Cutting  through  of  Some  isthmus,  which 
formerly  connected  it  with  ti  continent,  Eoth  ure  instancea 
of  iuterrupted  continuity,  When  sucli  lakes  are  formed^ 
vaporation  will  take  place  from  their  surface,  and  they  would 
come  dry  were  they  not  supplied  by  the  water  of  streams 
bringing  in  tlie  drainage  of  the  surrounding  land.  After  a 
time  ft  balance  is  struck  between  these  sujiplics  and  evapora- 
tion, and  the  lake!  is  more  or  less  salt,  according  to  the  excess 
of  one  or  the  other.  If  the  rivers  bring  in  more  water  than 
is  evaporated,  the  water  is  hriuikish,  and  at  a  higher  level  than 
the  sea.  If  they  bring  in  less,  the  waters  are  at  alos'er  level. 
Baiter,  more  bitter  and  heavier  than  sea  water,  oiid  this  will 
he  in  propurtion  to  the  differeucf.  Sometimes  deposits  of 
Bait  will  take  place  at  the  bottom  when  the  kvtl  of  th<::  water 
is  greatly  lowered.  Should  lliere  b<^  no  drainage  into  a  lake 
lima  formed.  BO  that  the  whole  of  the  water  becomeevnporated, 
the  solid  contents  of  the  water  must  he  left  behind  to  form 
[IcpQsitR.  Such  deposits  e:sist  among  rocks  in  many  parts  of 
the  world,  as  at  Cardona,  in  Spain,  in  the  Carpatbiaua  and 
Alps,  and  in  the  middle  of  England.  Such  depo&Jts  ai'e 
being  fonned  in  the  Dead  Sea  and  in  the  Caspifin. 

Running  water,  bringing  with  it  large  quantities  of  detritus 
taA  iBtid,  deposits  a  large  proportion  ef  this  foreign  material 
here  it  comes  in  contact  with  still  water,  whether  fresh  or 
Jt,  and  thus  there  13  a  tendency  to  choke  up  lakes  of 
oderate  size.  Near  the  sea,  however,  at  the  mouths  of 
(p*oat  rivers,  or  ev^n  where  the  actual  streams  are  incon- 
BaJerable,  a  barrier  often  grows  up  beyond  the  ordinary  limits 
of  land.  This  is  especially  common  in  long  Hues  of  tliit  const. 
In  such  ctises  the  barrier  becomes  in  com'SB  of  time  a  long 
etrip  of  low  hnid,  open.,  perhape,  to  the  sea  at  one  or  two 
points,  but  enclosing  a  large  tract  of  shallow  water.  Such  is 
the  long  spit  of  laud,  called  the  Lido,  that  protects  Venice 
ffom  the  aea,  and  forms  the  Laffoon.  Lagoons  are  lakes 
often  shallow,  formed  ai'tiiicially  nettr  the  sea,  where  the  ■ 
le^el  of  the  fresh  water  within  the  barrier  or  reef  is  tht  ^f^ma 
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as  that  of  tbe  sea  immediutelj  outside,  and  where  there  is 
little  i!urieut  of  the  water,  either  enteriiig  or  emergiat*. 

Such  fije  the  vflj-ioties  uf  Iiike3.  I'liey  exist  in  various 
countries,  Hud  however  compuratively  small,  are  really  very 
iutereatiug  portioiiii  of  the  great  ai]ueous  sheet  that  covew 
so  large  r  part  of  our  globe.  Tlie  quantity  of  water-sarfuce 
within  tlie  hind  is  at  present  not  large  compm'ed  with  the 
Burfiice  of  the  laud,  and  tlieiefure  very  email  indeed  com- 
pared with  the  oceanic  areu.  But  it  may  not  always  huTe 
been  so,  for  ftlthough  a.  liinit  is  put  to  the  nocumulatioa  of 
shflet5  of  frtish  water  by  the  bnlance  of  rain-fiLll  and  evapora- 
tion, this  limit  is  by  no  means  reached  in  the  condition  of  the 
earth's  siii-faL'e  witb  which  we  are  familiar.  Ail  the  Burfocea 
of  fresh  water  now  on  the  globe  would  probably  not  exceed 
half  a  million  of  square  miles,  or  less,  tliau  one  hundredth 
part  of  the  area  of  the  laud — not  one  three  hundredth  part 
of  that  of  the  sea. 

And  the  fresh  water  lakes  that  are  known  and  described 
are  distributed  in  a  very  peculiar  aud  irregular  manner, 
A  large  part  of  the  area  is  to  be  found  in  a  group,  few  in 
number,  occupying  a  coinpflratively  small  diatrict  in  north 
America.  A  lai'ge  part  of  the  remainder  must  be  sought  for 
in  Central  Afrii:a.  Throughout  the  rest  of  the  world,  idthough 
the  number  of  such  lakes  is  certainly  enormous,  the  total  area 
of  water  would  hardly  exceed  10(1,000  sqimre  miles. 

The  salt  lakea  are  few  in  number,  and  their  total  area  must 
be  less  than  5UO,O00  sq^unre  milea. 

There  ore,  however,  many  iuterestlug  peculiarities  about 
lakes  that  rendei'  tbem  well  worthy  of  careful  study  as  phy- 
sical phenomena.     They  belong  to  the  history  of  the  earth, 
and  are  iiistriic;tive  to  the  geologist,  as  well  as  in  the  highest 
degi'ee  picturesque.     We  now  proceed  to  descril>e  the  prin- 
cipal lakes  of  the  different  countries  of  the  worlds 
^y  Our  own  inlands  contahi  examples  which,  if  small  in  actud 
ratio  ofjgjQQg^  are  not  for  that  reason  unimportant.     In  the 
one  is  ^JH  tracts  of  Cumberland  and  Westmoreland,  and  in 
very  irregyj^jQg  g^j^^  Scotland,  are  muny  small  moimtain  lakes. 
Tchad,  and  ^^.^  gome  of  thie  kind,  and  othera  of  hirger  dimen- 
striking  iliusti,  ^he  flat  table  lands.     The  Cumberland  lakea 
entirely,  fi-^i*  "^^^cturesque.    Windermere,  the  largest,  occupies 
almost  to  rank  aoi^it  ^^  14  ^i\^^  ;„  ]eap,th  and  one  mile  broad. 
lu  a.  few  inatauL,  ]Q^^^  ^^^^  ^]^^J^^^  ^;^^  g^^g  breadth,    Ber- 


tpentwater  is  4  miles  long.  Tlie  others  are  ranch  smfiller 
All  ere  narrow.  Tbey  occupy  enlai-gementB  of  Tiilleys,  having 
a  sti*eam  entering  aud  iKaviiig  them.  Th^  ivide  pnrt  of 
valley  in  some  cases  seems  to  liave  beeti  swq>t  out  by  walei". 
and  theu  by  some  interniptioii  or  acciimuIatioTi  at  the  lower 
part  has  been  converted  into  a  liike.  It  is  thouglit  by  some 
geologists  thnt  ice  coming  down  as  glaciers  frooi  the  mouD- 
tains  adjacent  during  the  glaKisil  period,  has  Bcotjped  out  the 
l>eda  of  these  Iftkes.  The  SiiotcU  kkea  are  of  the  same 
general  natmre,  Lut  most  of  them  are  estuaries,  the  sea 
entering  at  one  *?nd.  The  wftter,  bowevei',  is  fresh  nud  per- 
fectly sweet.  The  Irish  lakes  are  genersilly  not  enclosed  by 
hills,  but  there  are  exctptious  to  this,  as  the  beautiful  hikes 
of  Killaruey.  The  "Welsh  lakes  are  few  in  number,  niid  not 
jarge.  Most  of  them,  indeed,  are  mountain  pools  or  tarns 
Aher  than  laltes.  iSala,  which  is  fom:  miles  iu  length,  is 
le  largest  of  them. 
France  is  ivithout  fresh  ivater  lakes,  and  except  thoee  of 
Switzerland  and  the  Tyrol  there  are  few  in  tlie  ceutral  plains 
of  Europe,  north  of  the  great  mountain  chain,  Many  of  the 
lakes  of  iioi'theru  Europe  (Sweilen,  Finland,  and  Russia,) 
ore  pools  in  fiat  plains.  Two  important  groups  of  lakes, 
moBt  picturesquely  situated,  occnr  m  the  elevated  land  close 
to  the  Alps  on  hotb  sides,  near  the  lower  pai'ts  of  the  volleys. 
After  receiving  considerahle  streams,  some  of  the  principal 
rivers  of  Europe  run  out  from  them,  and  carry  off  the  over- 
plus of  TV  liter  derived  from  the  mBlting  of  snow  on  the  monn- 
taina,  and  not  evaporated* 

Of  the  Swiss  lakes,  one  of  the  hti'gest  and  most  regidar  in 
jibrm  is  tlie  Lftke  of  Geneva  (45  miles  lonp,  ouo  to  flj  miles 
'e,  area  83  square  miles,  height  above  the  aea  l,UW  feet, 
:treme  depth  084  feot).  It  is  a  noble  sheet  of  water,  shut 
in  on  the  south  by  lofty  mountains,  but  open  towards  the 
north  to  the  gieat  pkin  of  Switzerland.  It  receives  several 
atreams,  and  is  subject  to  sudden  rises  of  the  water,  amount- 
ing to  ■!  or  6  feet.  The  Rhone  enters  it  from  the  upper 
esti'emity,  and  issues  from  it  tit  Geneva.  Its  waters  are  of  an 
eitqaifiite  blue  coloui'.  The  Lake  of  Lucerne  (24  miles  long, 
half  a  mile  to  U  miles  wide,  1,380  feet  above  the  sea,  depth 
300  to  900  feet),  is  a  very  irregular  piece  of  water,  Mcupjing 
Ihree  valleys,  and  is  entirely  shut  iu  by  ¥017  lofty  mountains. 
Jt  connects  with  the  Sarnen-see  (3  mika  long)  aad  Lu^^cm 
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See  (smaller,  and  now  partly  drained).  The  Reuss  enters  it, 
CDtniug  from  the  St^  GotCkard  pass.  The  Lake  of  Zurich 
(•26  miles  loiigj  half  a  mile  to  ^  miles  wide,  1,343  feet  abo^e 
the  seaj,  is  flncloseci  by  much  lower  hills  than  the  lakes  of 
Geneva  and  Lucerne-  The  Lake  of  WoUenatadt  (U  milea 
long,  3  miles  wide.  500  feet  deep,  1,985  feet  above  the  sea), 
IB  slaut  in  by  lofty  mouiitaing  and  ateep  precipitous  clifl";{. 
Thun  and  Erienz  are  smaller,  but  most  beautiful  lakes, 
between  the  Lake  of  Lucerne  and  the  Lake  of  Geneva, 

The  Late  of  Constance  {IQ,  milea  long,  9  miles  wide, 
064  feet  deep,^  1,250  feet  ftbove  the  sea),  is  quo  of  the  lairgest 
of  the  Swiss  lakes,  but  ib  somewhat  outlying  towards  the 
north.  The  Ehine  enters  and  issues  from  it.  The  waters  of 
this  lake,  like  those  of  the  Lake  of  Geneva,  are  subject  to 
sudden  alteratiooa  of  level.  Below  the  towTi  of  Constance 
the  lake,  which  is  there  reduced  to  s  Etream,  wiJeT39  again, 
inte  a  smaller,  but  beautiful  lake,  the  Unter-see.  The 
Lake  of  Neurfintet  {25  mile&  long,  7  miles  wide,  475  feet 
deep,  and  1,420  feet  above  the  aeaj,  lies  on  the  western  side 
of  the  great  valley  of  Switzerland.  It  connects  with  the 
Lake  of  Biefine  (10  milea  long,  one  mile  to  3  miles  wide, 
400  feet  deep,  1,410  feet  above  the  sea),  by  a  shallow  stream. 
These  two  lakes  are  on  the  western  or  Jura  side  of  the  vaUey 
of  Switzerland,  and  removed  £i"om  the  high  Alpa, 

On  the  south  or  Italian  &ide  of  the  Alp  tbe^re  are  also 
several  lakea^  at  levels  much  lower  than  those  of  Switzerland. 
The  principal  are  the  Lake  of  Como  (40  milea  long,  one  to 
3  mues  wide,  600  feet  above  the  sea);  the  Lago  Mag- 
giore  (54  miles  long,  3  to  S  miles  wide,  1,100  feet  deep, 
678  feet  above  the  sea);  the  Lake  Lugano,  between  Como  and 
Maggiore,  {'20  rnUea  loeg,  one  mile  to  '2  milea  wide,  5Q0  feet 
deep,  800  ft^et  above  the  sea) ;  and  the  Lago  di  Garda  (33  miles 
long,  3  to  13  milea  wide,  SHiO  feet  deep,  230  feet  above  the 
aea).  There  ore  many  others  of  smidlL^r  size,  but  for  the 
moat  part  they  communicate  with,  and  form  therefore  a 
part  of  the  drainage  systems  of  the  great  lakea. 

These  magnificent  lakes,  abounding  in  objects  of  interest, 
are,  like  those  of  the  mountain  district  of  Switzerland,  ei- 
pansiona  of  valleys  in  tvhich  the  drainage  of  the  vaUey  has 
accumulated.  The  Adda  issues  from  the  Lake  of  Como,  the 
Ticiuo  from  the  Lago  Maggiore.  The  Lake  Luirano  com- 
mumcates  with  the   Lago  Maggiore  by  the  Tresa,     The 
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Mittcio  issues  from  tlie  Lugo  di  Grarda.  All  theao  rivers 
CToaa  the  plains  of  Lotnbardy  und  euter  the  great  atoeams 
that  traverse  these  pining  frota  west  to  eiat  to  flow  iuto  the 
Adriatic. 

CompiLriug  the  Lakes  oa  the  north  and  south  aides  of  the 
A1)J8,  it  may  be  observed  thftt  the  liitter  are  both  at,  a.  much 
lower  kvel  and  much  deeper  thau  the  former.  Thty  partici- 
pate in  that  abrupt  and  precipitous  character  bj  whioh  the 
soiitherii  wall  of  the  Alps  is  distiuguished  from  the  northern 
slopes.  They  occupy,  ou  tlie  whole,  narrower,  less  regulurt 
Biore  precipitoua,  anJ  more  distinct  fisaurea^  and  they  commu- 
nicate by  much  shorter  channels  with  tho  oeean.  All  this  la 
important,  as  belonging  to  the  groat  physical  constmr.tiou  of 
the  coutiuent.  and  its  elevation  fi-om  tlio  great  depths  at  which 
the  rotka  have  probably  been  modified-  In  the  Pyreniies 
thare  are  small  lakes  at  an  eleTatiou,  of  seven  or  eight  thoy,- 
aaml  feet  above  the  sea. 

lliere  are  a  few  other  lakes  not  unimportant  from  their 
size  and  geographicol  position,  sitmibed  on  the  north  side  of 
thfe  main  Alpine  chain.  Some  are  in  Upper  Bavaria  and  the 
Tyi'ol,  others  fiurther  east.  Among  ths^m  may  be  mentioned 
the  Wurm-aeein  Upper  Bnvaria  (Id  miles  long,  4  miles  wide)* 
discharging  its  surplus  waters  into  the  Ammer,  which  traverses 
diiiathef  lakii,  the  Ammer-see,  (10  miles  long,  i  mdiis  wide} 
There  is.  Jilso.  the  Chiem-st^e  (Vi  mUes  long,  9  miles  wide),  a 
mountain  lake,  1,550  feet  above  the  sea,  and  48iJ  feet  deep. 
Still  furtheir  to  the  east  is  the  shallow  Neusiedler-isee,  (^3  miles 
long,  7  miles  wide),  nnd  the  Platteu-see,  (48  miles  long,  3  to 
10  miles  wide,  40  feet  dsiep),  whose  watei-9  are  slightlj  salt, 
although  it  receives  a  number  of  streams.  It  is  said  that 
there  are  many  thousand  ehuieta  of  water  in  Bohemia, 
Gallicia  aud  Moravia.     They  are  all  small. 

Besides  the  Iftkes  belonging  to  the  Alpine  ^ystem:^  Italy 
contains  a  number  of  small  pioces  of  water,  many  of  them  oc- 
cupying the  craters  of  ancient  volcanoes.  Lake  Thrnsymene, 
near  Perugia,  is  30  milfs  in  circumference.  Bolsena  (tO 
miles  lofl^.  S  miles  broad),  Vieo  {-ij^  miles  long),  near  Viterbo, 
Lake  Albano,  neai'  Rome,  and  some  others,  are  moi-Q  re- 
markable for  picturt!sque  beauty  than  for  magnitude. 

Northern  Europe  is  not  without  great  lakes.  These  are 
chiefly  to  be  found  on  the  eastern  aide  of  the  Scandinavian 
Toountaiu  chain,  and  include  the  Swi^ilish  lakes  Weueru.  a.cul 
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Wettem,  and  Lake  Malar,  tbe  countless  sheets  of  Tvatsr  of 
Fimnark,  the  Russian  lakes  of  Ladoga  and  Oiiisga,  and  a  few 
others  leas  important.  It  is  estimated  that  the  lakes  of  Swe- 
den cover  nearly  23.000  square  milf-s,  or  more  than  one- 
eighth  of  the  area  of  tlie  country.  In  Finland  tbe  profrtjrtioD 
of  water  to  Ituid  h  fitill  krg*?r. 

Lake  Wener,  (US  inilea  long,  15  to  30  miles  wide,  144  feet 
above  the  sea),  is  divided  into  two  paiis  by  j^rojecting  head- 
lands. The  western  part  (called  Lake  Dalbo)  is  included  in 
the  abovtf^  atfttement  of  dimensions.  It  is  fed  by  numerous 
streama,  and  ^  considerable  stream  issues  from  it  into  the 
Cattegut,  ftdling  by  several  rapids.  Lake  Weter,  (SO  miles 
long,  10  miles  wide,  430  feet  deep,  iiSS  feet  above  the  sea^, 
also  receives  many  streams  and  torrents,  and  has  a  short  and 
inlerrupEed  course  to  theaea.  Lake  Hielmar,  (40  miles  long, 
9  to  12  milea  wide,  78  feet  afcove  the  sea),  communicatjea  by 
a  stream  of  some  importance  with  Lake  Millar,  (70  miles 
,ong)-  Thia  latter  hiki^  ia  exceedingly  itregularj  and  crowded 
vrith  nuroerous  islands,  so  that  h^'dlv  a  mile  square  of  sni-facc 
is  clear.  It  is  nearly  on  a  level  with  tbe  Baltic.  By  the  aid 
of  canals  and  locks,  eonnectinq;  the^e  Tflith  other  systems  of 
lakea,  many  of  them  of  hirge  ahe,  a  complete  water  communi- 
catiou  is  madii  tbroiigh  a  very  extensive  area  in  Sweden, 
whoBti  levtl  viiriea  from  that  of  the  Baltic  to  that  of  Lake  Bar- 
ken, which  is  327  feet  above  the  Baltic. 

Finland  is  cfiUed  by  its  natives  the  region  of  lakes.  Ele- 
vated from  400  to  BOO  feet  above  the  sea  is  a  Ctintral  plateau, 
more  than  one-thiid  of  which  is  covered  vrith  water.  In  the 
south-eastern  part  is  Lake  Ladoga,  ( [20  miles  long,  70  miles 
wide,  area  6,500  square  miles,  extreme  depth  000  feot).  which 
receives  the  waters  of  Lake  Onega.  (120  miles  long*  40  miles 
wide,  extreme  depth  90O  feet),  and  conducts  them  by  the 
Neva  to  the  Gulf  of  Finland-  Lake  Saima,  (180  miles  long, 
ao  to  25  miles  vside,  and  fuU  of  islands),  and  Lake  Ilmeti, 
(length  ao  niile3>  breadth  24  miles,  107  feet  abovt^  tbe  se*), 
also  communicate  with  Lake  Ladoga,  Lake  Emire,  in  the 
north  of  Lapland,  covers  1,000  square  miles,  and  dischargcis 
its  waters  into  the  Arctic  Ocean.  A  multitude  of  smaU  l^sss 
Commtinicate  with  the  Lake  of  PyhajiirvL 

All  these  northern  lakes,  except  thoss  which  are  mere 
awamps,  would  seem  to  partake  of  the  general  characttr  of 
the  Alpine  lakes,  and  to  be  connected  with  natural  Assures  in 


hard  rock.  Some  are  deeper  than  the  ndjoinmg  ocean,  and 
all  belong  to  one  class  of  pheiiAmena.  The^y  arc  still  subject 
in  some  small  degree  to  the  action  of  ice.  but  there  cftn  be  no 
doubt  that  large  mssseB  of  ice,  either  glaciers  or  icebergs, 
have,  at  some  former  period,  glided  or  been  drifted  over 
them. 

Contiaaing  eastwards  on  the  north  side  of  the  great  axis  of 
elevation  of  the  eastern  hemisphere,  we  find,  south  of  the  Ural 
moiiutaina,  auil  between  that  eJiain.  and  the  main  chain,  of 
which  the  Caucasus  ia  an  ontljing  portion  to  the  west,  a  ^^ast 
depression,  described  bj  Sir  Rod^^riek  Murchiaon  as  the  Aralo- 
Cagpifiu  depression.  Within  tliis  space  are  the  Caspian  Sea 
and  the  Sea  of  Aral,  both  covered  with  salt  water,  and  the  for- 
mer much  below  the  level  of  the  ocean.  They  are  due  to  a 
differeut  agency  from  that  concerned  m  the  formfition  of  thr 
fresh  water  lakes,  being  caused  by  some  geological  chaugps 
fth-eady  alluded  to.  These  salt  lakes,  therefore,  are  a  clas^i 
apart. 

Besides  the  salt  lakes  there  are,  m  j^orthern  Asia,  several 
important  sheets  of  fresh  water.  Some  of  them  receive  but 
do  not  discharge  rivers,  and  some  belong  to  the  class  of  moun- 
tain lak<?g..  Of  the  latter  by  far  the  most  interesting  is  tho 
Lake  of  Baikal,  which,  indeed,  is  the  largest  of  its  class.  It  is 
enclosed  within  the  mountain  ranges  which  skirt  the  northern 
side  of  the  high  table  land  of  Upper  Asia.  It  lies  in  the  lati- 
tude of  Engbmd,  (510  to  5(J<»  N.),  and  in  104o  to  111°  E. 
longitude.  It  is  400  miles  in  length  and  from  30  to  50  miles 
across.  Its  depth  is  considerable,  exceeding  in  many  parts 
100  fathoms,  but  it  has  not  been  carefully  surveyed.  It  is 
fed  by  numerous  streams,  one  of  which  (tho  Lelinga)  has  a 
course  of  700  railcB.  another,  (Upper  Angara),  of  450  miles. 
There  are  said  to  be  nearly  two  hundred  smaller  streams 
emptying  into  it.  The  main  outlet  (the  Lower  Angara)  is 
comparatbely  email,  though  its  course  is  extremely  rapid. 
The  level  of  the  lake  is  nearly  1,800  feet  above  the  Bea.  The 
country  around  is  volcanic. 

The  lakes  of  western  Asia  are  not  of  remarkable  dimensions. 
Lake  Tengiz  or  Balkaah  is  without  an  outlet,  {length  150 
miles,  breadth  75  miles).  It  ia  situated  near  the  northern 
edge  of  the  great  central  basin  of  Asia.  The  Tehany.  in 
Siberia,  is  65  miles  long  by  iO  miles  wide,  but  is  little  known. 
In  Parsift,  Lake    Urumiyah  or  ^^hel,  (-lO  mike  lon%  a.^oA 
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25  BOLles  wide),  and  in  Asiatic  Turkey  (Annenifl)  Lake  Van. 
llenglh  67  miles,  breadth  ^5  miles,  5,467  feet  iibo^e  the  fiea). 
occujjy  lofty  basins  8lln■oulld^■d  bjatwp  mountains.  Both  are 
etdt,  aud  ueithor  hns  aiiT  TisibU*  outlet.  The  former  is  very 
ehrtllow,  the  Ifittfr  de*?p  in  Bome  places.  Lake  Soistan  or  Kob- 
i-Kwajeh,  though  of  great  area,  {70  miles  lon*^,  18  to  30  miles 
wide),  is  a  shallow  pool  in  the  high  table  land  of  Iran.*  The 
largest  is  about  200  miles  in  eiTiC^uit.  All  of  them  are  con- 
ne<:ted  with  the  geiiere.!  drainage  of  the  conutiy,  aud  occur  la 
the  CKpaBsions  of  the  principid  streiimB. 

The  south  Bide  of  the  great  elevated  tract  which  forms  the 
backbone  of  the  old  ^"or!d.  exhibits  a  number  of  peuiuaalfls 
and  islands,  rather  than  any  continued  expanse  of  lani!. 
Africa.  Arabia,  India,  and  the  JMalay  penineuln,  are  connected 
inth  the  continent.  Tht^  islands  of  the  Indian  Arehipelago, 
Madagascar,  Australia,  and  New  Zealand,  fire  detached.  Jn 
none  of  these,  except  Africa,  are  there  bdies  of  large  dimen- 
sions, and  even  the  African  lakes  tvce  of  the  nature  of  de- 
pressed basins  in  plains,  or  hollows  in  table  lands,  rcaembling 
in  this  respect  the  gi'eat  Aralo-Caspian  basin,  and  the  exceed- 
ingly smaller  but  similar  basin  of  the  Dend  Sea  in  Asia, 

These  vai*iou.s  depressed  baains  are  distinct,  in  many  res- 
pects, from  mouutaui  lakes,  even  when  they  are  at  a  very  high 
level,  as  Some  of  those  in  Africa.  They  occupy  a  different 
geological  position,  ond  though  they  receiye  and  may  disckarge 
their  overflow  into  streams  of  importance,  they  possess  suffi- 
ciently marked  peculiarities.  They  nxc  often  of  vtsry  large 
area,  and  may  be  either  salt  or  fresh,  according  to  local  cir- 
cumstances. 

The  Caspian  Sea  is  the  largi^et  sheet  of  salt  water  on  the 
globe,  not  communicating  ■with  the  ocean.  From  north  to 
south  its  length  is  750  miles,  but  a  curved  line  through  its 
centre,  to  the  uorth-rttstem  corner,  is  QOO  miles  long.  It 
varies  in  breadth  from  15Q  to  970  miles.  Its  depth  in  the 
centre  varies  from  TJO  feet  to  nearly  3,000  feet.  Its  surface 
is  fcS4  ft'et  below  the  leTcl  of  the  Black  Sea,  and  is  said  to  he 

•  Tt  is  B  remar'kflble  fact,  and  one  wpU  wortby  of  remiirb  in  reference 
to  the  origin  of  lakea,  that  the  great  Hinialayun  range  is  entirety  with- 
out great  sheets  of  water  cxjlleL-ted  m  tba  upper  vallo^s  of  tba  rivera 
proceeding  from  them.  Large  lakes  are  rare  in  tropieel  regioDS,  ex- 
cept iTi  Africa,  wliere  tliey  ore  Bpccially  abundant,  Itirge,  and  chsMC- 
teriatic. 
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lowering.  Its  waters,  though  salt,  are  much  l&sa  so  than 
those  of  the  ocean,  as  soveial  large  rivtrs  emptj  ihemselvL^ 
into  it.  The  Sea  of  Ami  h  305  miles  from  north  to  south, 
and  lii5  miles  fi'om  east  to  west,  but  there  is  a  prolongation 
to  tht;  iiorth-^^ttst  ion  milea  long  and  *20  oiika  mde.  Ita 
depth  ill  the  centre  is  UO  fe^vt,  but  it  decpena  tovrards  the 
western  shore.  Ita  levL4  is  37^  feet  above  tha  Black  Sea,  or 
117^  feet  above  the  Gitspiau.  Lm-ge  rivers  flow  into  it,  and 
ita  waters  are  rather  brackish  than  salt,  but  it  ha.3  no  uppuretit 
oatleti 

There  would  aeem  little  doubt  that  both  the  OaBpian  Sea 
aad  the  soa  of  Arol  have  formerly  beeu  connected  with  the 
oceiin,  and  perhnpa  with  each  otbtr.  Since  they  have  been 
converted  into  liikea,  the  differenco  in  the  magnitude  and  rfliti- 
fall  in  their  respective  drioiiiage  areas  has  lieen  euch,  that 
while  the  Cuapiaa  has  sunk  far  below  the  original  level,  the 
aea  of  Aral  hiia  risen  nearly  forty  feet  above  it. 

Tht  Deflid  Si,-:£i  is  small,  but  it  is  part  of  a  considerable  depres- 
sion, separated  from  the  Red  Sea  hj  a  narrow  tract  of  laud  of 
no  gi'eat  elevation.  Its  mean  length  is  35  miles,  and  its 
breadth  10  to  l*r2  miles.  Its  level  ia  1,312  feet  below  that  of 
the  l-ted  Sea.  It  ia  intensely  salt ;  and  bitamen  not  unfre- 
qufutly  fiuats  on  it.  It  ia  euclosed  in  a  deep  valley,  and 
though  it  receives  the  waters  of  the  Jordan,  has  no  outlet. 
The  lake  of  Tiberias  occupies  a  part  of  the  same  general 
depression. 

The  lakes  of  Africa  are,  in  many  respects,  very  remarkable. 
There  is  a  group  of  ihrise,  Tangftujika^  Victoria  Nyanza,  and 
Albert  Nyanza,  recently  discovered  by  the  Nile  explorers, 
which  must  be  noticed  as  among  the  moat  remaikable  known. 
The  lakes  Nyassa  and  Shirwa,  discovered  by  Dr.  Liviugatoue, 
are  uext  in  impoi'tance.  Lake  Tchad  hag  long  been  known, 
end  is  also  connected,  iuan  important  senae^  with  the  physical 
geography  of  the  African  epntinent. 

Of  these  Iiikes,  the  Victoria  Nyanza  and  Albert  Nyanza, 
both  fi'enh  water,  must  be  re^ai'ded  am  the  head  waters  of  tb^ 
Sile,  The  former  (discovered  by  Captain  Speke)  is  3,303 
feet  above  the  ocean,  aaad  reaches  from  about  "i^^  south  of  the 
EqiiiUor,  to  about  20  miles  north,  ita  distance  from  north 
to  south  is,  therefore,  about  300  miles.  It  is,  probably,  30iJ 
milea  from  east  to  west^  hut  ita  limits,  towards  the  east,  ai'e 
not  well  dcfiuiid.    Jt  reachm  eastvi'ards  ftom  ab^Tat  ^'vL'^  "^. 
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loTjfjitude.  Soutliwards,  Hhaa  not  been  traced  far.  It  narrowB 
and  becomes  converted  into  a  river  cliaunel  ;  tlie  stream 
ia  said  to  fiow  northwards.  Passing  by  a  succession  of  rapida 
and  falls  towarda  the  north  west  it  receives  several  small  addi- 
tions, tin  in  latitude  a^J  20'  N,,  and  longitude  31 J*^  E.,  it  entere 
the  northern  extremity  of  the  Lake  Albert  Nj'ajiza,  recently 
visited  and  described  by  Mr.  Baker. 

The  Albert  Nyanza  is  believed  to  e^itend  south  of  the  second 
parallel  of  south  latitude,  and.  may  perhaps  be  connected  with 
Lake  Tanganyika,  discovg'red  by  Burton  and  Speke.  It 
reaches  neai'ly  to  3'"'  N.  latitude.  Its  leugth  ia  at  least  350 
miles,  and  its  breadth,  for  a  considerable  distance,  100  miles. 
It  is  S,720  feet  above  the  sea,  Tbe  mountains  enclosing  the 
Albert  rise  about  7,000  feet  above  the  lake^  and  a.re,  therefore, 
10,000  feet  above  the  sea.  A  main  stream  of  the  Nile  runs 
northwards  from  the  northern  extremity  of  the  late,  and  from 
this  point  the  White  Nile  has  now  been  followed  to  the  sea. 

The  Tanganyika  is  a  large  and  important  sheet  of  water,  at 
ft  mach  lower  level  than  the  Albert,  but  believed  to  conaect 
with  it.  In  that  case,  the  Albert  may  be  the  head  wateir,  not 
only  of  the  Nile,  running  northwards,  but  of  BtreaniiB  running 
8outbwaids,and  connecting  with  the  Shire  river  and  its  lakes, 
desenbed  by  Livingstone. 

The  Tanganyika  commences  in  latitude  3°  20'  S.,,  and 
extends  to  about  S'  S.  Its  length  is,  thus,  more  than  300 
miles.  It  is  nairower  than  the  lakes  already  described ;  io- 
creasing  gradually  towards  the  south,  livbere  it  ia  about  60 
miles  wide.     Its  depth  ia  unkno^va. 

Considerably  to  the  south  of  Tanganyika  (the  intermediate 
country,  for  a  distance  of  about  5  00  miles,  not  having  yet  been 
TiBited  by  modem  travellerB)  is  tbe  Lake  Nyassa  of  Livings- 
stone.  It  ia  more  than  200  mika  in  length,  from  north  to 
south,  and  varies  in  breadth  from  15  to  60  miles.  Tbe 
northern  extremity,  however,  baa  not  been  reached,  and  it  may 
be  connfcted.  faj  means  of  open  channels  and  other  sheets  of 
water,  with  the  equatorial  lakes.  Its  level  ia  lower  than  that 
of  Tanganyika,  which  was  described  by  Burton  and  Speke  as 
being  1,850  feet  above  the  aea. 

Still  furllier  to  tbe  south,  but  smaller  and  les3  important, 
is  the  Shirvfa.  It  reaemblea  the  other  Ahriicaa  lakes  in  its 
general  character. 

Lake  Tchad  is  a  large,  but  indetermiaate  pool,  situated  in 


tropical  Africa,  nearer  to  the  western  tlian  the  eaaterc  side 
of  the  continent,  in  latitude  IQo  30'  to  14"  30'  N.  Its  Jecgth 
in  oirdinaPj  seasons  is  upwards  of  200  mOes,  and  its  breadth 
140  roilea-  It.  is  estiaidted  to  be  850  feet  above  the  sea.  It 
receivea  a  considerable  drainage,  but  is  extremely  shallow, 
qenerallj  fiom  3  to  15  feet  deep,  but  varying  with  seasons. 
It  hardly  appears  to  have  any  defined  bouudnry,  as  ita  eiza 
is  greatly  influencad  by  circumstancpa.  It  contftins  rasny 
islands,  and  both  it3  shores  and  islands  are  cultivated.  This 
lake  has  been  freqiieutly  visited  by  tTavellers,  but  the  ac- 
counts received  v&ry  a  good  deal  from  t*ach  other.  This  js  no 
doubt  chiefly  owing  to  the  very  different  aspect  the  lake  ex- 
hibits at  different  seaaima. 

The  Australian  lakes  greatly  resemble  Lake  Tchad-  They 
ftre  v<?ry  large  at  certain  seasons,  but  one  large  lake  becomes 
converted  into  half  a  score  mere  ponds  in  the  dry  weather. 
Originally  viaited  and  described  by  Mr.  Eyre  in  1840,  Lake 
Torrens.  in  South  Australia,  was  followed  for  40O  mil&s, 
Ita  width  waa  from  15  to  '^0  miles.  It  is  very  shallow.  Il 
has  since  befn  found  broken  up  into  a  multitude  of  pools. 
T>vo  htmdfed  miles  to  the  south  of  Lake  Torreng  is  the 
Alexandrian  Lake.  It  is  an  expansion  of  the  Mmrnj  River, 
and  ia  about  30  miles  across. 

North  America  contains  the  largest  and  inoBt  important 
group  of  lakes  id  the  world.  Commenoinn  at  the  north- 
western extremity,  near  the  Rocky  Mountains,  we  find  tho 
Great  Bear  and  Great  Blave  Lakes,  the  former  having  an  area 
€f  14.,U0U  Square  mdes  (height  ftbove  the  sea  230  feet,  and 
depth  -100  feet),  the  latter  in  a  similar  position,  end  of  about 
the  same  area  (3U0  miles  long,  50  miles  wide),  and  both  dis- 
charging by  the  Mackenzie  River  into  the  Arctic  Ocean. 
The  Athabasca  ('930  miles  Jong,  20  to  40  miles  mde,)  ia 
scarcely  smaller,  and  belongs  to  the  same  sjeteni.  Wollaston 
and  Deer  Lakes  are  also  large  sheets  of  water.  Winnipeg 
{240  miles  long,  55  miles  wide,)  and  Winnipegoos,  not  far  off 
(130  miJos  long,  2a  miles  wide)^  are  exanipltis  of  lakes  in  Hat 
countries  emptying  into  a  gi'eat  arm  of  the  sea. 

Much  further  to  the  south  we  come  to  the  site  of  the  five 
largps  sheets  of  fresh  wsiter  in  the  world.  Lalie  Superior 
is  the  largest  of  these  {length  from  east  to  west  335  mile5» 
or  on  a  curve  400  miles,  greatest  breadth  176  miles,  greatest 
depth  1,2U0  leet,  height  above  Atlantic  857  feet).     It  receives 
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rasny  rivprs,  and  its  Burplua  waters,  after  falling  and  tumWing 
rapidly  over  innuraeraUe  rooks,  enter  ft  great  bay,  ftlmoist 
eepnrpted  hy  a  choiu  of  islamla  and  n,  (oug  peninsula  from 
Lake  Huron,  (sxtreme  length  340  miles,  brendlli  CO  to 
'^30  miles,  extreme  depth  mure  than  1,800  feet,  height  above 
sea.  584  feet).  This  lake  is  divided  into  two  portions  (uartkern 
ftud  aotithern)  by  the  Maiiitoulm  Islands,  It  is  almost  eqiud 
in  ar^A  to  Lake  Superior,  and  coramunicates  by  an  open 
strait,  and  without  rapids  with  Lake  Michiuan,  of  which  it 
might  be  regarded  as  a  part.  Taken  in  conat'Ction  with  Luke 
Sujierior  the  two  lakes  form  a  curve  nearly  700  miles  io 
leofjth,  running  round  from  west  to  south  east.  At  its 
furthest  extremity  Lal^e  Huron  connects  with  Lake  Erie  by 
the  much  emaller  lake,  St.  Glair.  But  midway  along  this 
long  curved  lime  tomes  iu  Lake  Micliigaii  ti'om  the  south. 
This  great  sheet  of  water  is  30{)  miles  long  aud  7B  inLles  iu 
averaj^e  width.  Its  mean  depth  is  900  feet,  and  height  above 
the  sea  587  feet 

Lake  Erie  comes  next  in  order  (length  305  miles,  breadth 
80  miles,  depth  84  feet,  height  above  the  sea  6b5  feet). 
Owing  to  its  comparatively  small  depth  it  is  less  navi^ble 
than  the  other  lukea,  and  is  subject  to  suddeu  raovements  of 
the  waters,  hut  its  waters  are  pure  and  iransparL-ut,  It 
piisaea  towards  the  unrtheast  into  Lake  Ontario^  bv  the 
Niagara  Eiver,  falling  f)53  feet  between  t]ie  two  lakes, 
Ontai-io  i*  180  miles  long,  65  miles  wide,  600  feet  deep,  and 
its  waters  ai'e  only  3:J4  feet  above,  the  tide  level  in  the 
St,  Lawrence.  All  these  great  lakes,  havhig  a  total  area  of 
nearly  85,000  square  miles  of  water,  are  temporary  interrup- 
tions of  the  passage  of  the  f^eat  syatera  of  drainage  of  ntu-th- 
westeni  America,  as  it  passes  down  various  streams  and 
across  a  wide  expanse  of  table  land  towards  the  St.  Lawrence, 
by  whii^h  river  their  watera  are  ultimately  disL-barged,  It 
will  he  seen  by  the  above  deacription  that  the  watora  of  Lake 
Superior  fall  d7C>  feet  to  those  i^f  Hmou  and  ^iichigan.  and 
that  these  fall  about  30  feet  to  Erie.  Ttje  chief  part  of  the 
fsill  occiu's  between  Erie  and  Ontario. 

There  are  few  other  lakes  of  iraportanctj  in  North  America. 
Lake  Champlain  is  105  miles  long,  but  only  from  half  a 
mile  to  10  miles  in  width,  and  has  many  islands.  In 
Florida  is  a  ehaiii  of  small  lakes  termiuatiug  in  Lake 
Okechobee,  a  round  sheet  of  water  ^0  miles  diamettr.    Lake 
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PoQtchartrain  (45  miles  loiag,  23  miles  mde,)  isalftg^Kjnrather 
than  a,  lake,  situated  near  the  delta  of  the  Mississippi.  Oil 
the  east  side  of  t!ie  R-iicky  Moiintams  ia  a  lon^  scries  of  lakes. 
ooflny  of  them  of  volcanic  origin,  some  intensely  salt,  and 
others  formed  of  hot  mud.  Syme  are  of  diiii«iisioiis  whidi. 
in  any  other  position,  would  demand  attention;  but  they 
have  b&en  only  partially  described,  and  cannot  for  a  long 
period  possess  any  great  econoiuii;  importuut'e. 

in  Central  Amtfrica  there  are  &  few  hikes.  Nicaragua  itt 
140  milea  long  imd  40  miles  wide.  Its  siirfece  is  128  feet 
above  thi^  si?a,  It  conn^cta  witiiaiioiLhier  smaller  lake  to  tbt; 
north,  and  both  are  separated  by  a  narrow  nock  of  land  from 
the  Pacific.  Lake  Nicaragua  connects  by  the  Kiver  San 
Juan  with  tho  Gulf  of  Mexico. 

South  America  poasesBes  few  lakes  of  Importavice.  Thn 
most  iuterfsting  is  Lake  Tilicaca,  the  roost  elevated  large 
sheet  oF  water  in  the  world.  Ita  area  is  nearly  3,000  squanj 
miles,  its  dL'pth  T'iO  feet,  and  its  height  above  the  sua 
13,846  fet-^t.  It  fliBi:barges  its  surplus  waters  to  the  south. 
There  are  several  isbnds  in  it,  and  it  occupie9  a  depressioii 
in  onr^  of  those  singular  valleys  in  tlie  Andes  of  eonsiderablo 
^treadth  whore  two  chains  unite,     In  Brazil  there  aie  5<3VerJil 

,kes,  the  largest  is  Patos,  an  enlnrgi^mijnt  of  the  Rio  Grande, 

engtli  IdO  miles,  breadth  ICI  miles). 
From  these  statements  the  intelligent  reader  will  not  fail  toi 
gather  the  important  conclusion,  that  while  in  various  imrts 
of  the  world  there  are  iraportant  sheets  of  water,  they  generally 
occur  in  groups  and  systsoiSt  and  that  there  arc  very  extensive 
areas  in  whicii  no  lakes  appear.  It  is  also  evident  that  the 
lakes  are  of  at  least  two  very  distinct  kinds,  for  while  in  many 
caaea  tht^y  occupy  natural  moimtain  valleys,  accidentally  closed 
at  the  lower  end,  in  other  cases  they  are  open  depressions  on 
flat  lauds.  Their  picturesque  effBct  dtpeuda  greatly  on  tha 
circumstances  itnder  which  they  oncur. 
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Eivers^  both  in  their  ordinary  course,  or  when  conveying 
the  accumulated  waters  of  lakes  to  a  lowet  level,  are  Biiliject 
occaeioiiaU,v  to  fall  down  rapid  declivities,  or  leap  over  pre- 
cipices. The  nipida  or  waterfidls  thus  produced  are  some- 
times pheuomenu  of  the  most  extraordiuaiy  and  graudest 
kind,  and  require  some  special  notice-  It  is  by  no  meaua 
every  great  river  that  is  Buhiect  to  accidents  of  this  kiod.  nor 
do  all  lakes  in  delivering  their  surplus  waters  from  a  higher 
to  a  lower  lev<?l,  meet  with  obatnictioris  that  affect  the  general 
features  of  a  eouutry. 

Tlie  river  Rhine,  after  living  the  lake  of  Constance,  runs 
rapidly,  and  occasienally  falls  over  a  veiy  irre^iltir  und  rugged 
bed  of  rock,  making  a  total  deseent  of  about  100  feet  in  the 
course  of  a  very  short  distance,  near  the  toTni  of  Schafifhausen. 
The  great  falls  are  about  two  miks  below  the  town.  Theleap 
varies  from  50  to  60  feet,  according  to  the  state  of  the  river, 
and  is  divided  into  two  parts  by  a  detached  mass  of  rock. 
The  mass  of  the  watei"  is  much  greater  than  iu  auy  other 
European  fall,  but  tho  h<?ight  does  not  seem  ■cousiderHble 
when  we  compare  it  with  the  great  falls  in  other  countries. 

Except  the  comparatively  small  but  marveUouBly  beautiful 
falls  of  the  Alps,  and  several  also  of  great  btauty,  though  in- 
con  siderablei  magnitude,  in  Norway,  tliere  are  no  other  con- 
siderable waterfalls  iu  Europe.  The  Handek  is  probably  the 
finest  in  the  Alps.  The  river  Aar,  after  flowing  rapidly 
through  a  narrow  channel,  for  Bome  distance,  springs  over  a 
rocky  ledge,  and  dtuscends  200  feet  into  a  dark  chasm,  whence 
clouds  of  spray  ceaselessly  rise,  The  Staubbach  is  very  fami- 
liar to  Swiss  tourists,  and  remarkable  for  the  extreme  height 
of  the  unbroken  fall,  which  amounts  to  nearly  900  feet.  Seen 
in  the  morning,  or  by  moonlight,  it  is  hardly  possible  ti>  ima- 
gine anything  more  beautiful  than  the  effect,  owing  to  the  en- 
tire breaking  up  of  the  water  by  the  air  through  which  it 
passes.     The  quantity  of  water  is  seldom  great. 

There  are  several  fine  falls  in  Xoi-way.  The  Sflrp-fos.  not 
far  from  Chri&tiania  to  the  south,  is  the  name  of  the  fiiL  oy 
which  the  river  Glommen  lufikes  its  way  to  a  lower  lovel.  The 
river,  measuring  about  1 '20  feet  in  breadth  by  27  to  30  feet  i a 
depth,  falls,  vertitaDy  and  unbiokeUf  nearly  7&  feet.     There 
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are  soma  large  masses  of  granite  below  che  falls,  over  and 
among  which  the  foaming  water  rue^bes  a  &hoH  distance,  but 
then  flows  g^?ntlJ  to  tliti  s6h.  The  FUukaii-foa,  south-west  of 
Christinnia,  is  a  fall  of  900  feet,  and  the  hod  v  of  wattr  is  large, 
though  inferior  to  that  of  the  Surp-fos.  The  Tdring-fos,  oti 
the  HardangBr  ^oivl,  is  also  a  very  grand  fall ;  the  Bti'eam 
fidling  ptqjtndictilarlj,  without  a  single  contact  with  the  rockt 
for  nearh'  one  thousand  ff<-t,  into  a  valley  acarcely  brcader 
than  itself.  The  volume  of  water  is  said  to  be  alout  equal 
to  that  of  the  Handek,  in  Switzeiland^  In  winter,  tlie  ffdl 
takes  place  ftithin  a  case  of  ice.  The  Ostud-fos,  also  into  the 
Hardanger  fjord,  is  as  much  as  700  feet,  and  the  body  of  the 
water  is  very  large.  The  number  of  falla  of  smaller  mngni- 
tnde  is  exceedingly  large, 

Escept  the  Rhine,  none  of  the  chief  riv^erB,  either  of  Europe 
or  Asia,  ffiU  over  precipices,  and  few  of  them,  confined  within 
narrow,  rocky  eliaimela,  inclined  at  a  considerable  angle,  are 
interrupted  in  their  navigation  by  serious  rapids.  Such  rapids 
once  existed  in  the  Danube^  where  the  riv&r  breaks  through 
the  western  part  of  the  Cai'pathian  chain,  but  th^ey  are  now 
rendered  unimportant.  The  Rhine  rapids  have  alao  dis- 
appeared- There  are,  of  course,  numerous  mountain  atreama 
falling  over  the  rocky  ledges  of  the  Himalayan  and  other 
Asiatic  mountains,  but  they  are  not  auificiently  remarliable  to 
detain  us  here.; 

Africa  exhibits  two  examples  of  Urge  rivers  tumbling  head- 
long over  precipices.  The  Zambesi  possesses  catanuts  fully 
worthy  of  the  name.  They  occur  in  the  very  centre  of  southern 
Africa,  where  the  main  stream  of  the  Zambesi  (called  Leeam- 
hye)  coming  from  the  north  and  meeting  an  imxjortant  feeder 
from  the  south  connected  with  Lake  Ngami,  tcrus  eaHtwarda 
toflrards  the  Indian  Ocean,  Clouds  of  vapour  from  llie  falls, 
resembling  Baaoke,  are  Been  at  a  distance  of  six  miles.  The 
stream,  half  u  mile  wide,  very  deep,  and  runriicR  over  a  sheet 
of  bm'd  basaltic  rock,  towards  the  south,  suddenly  arrives  at  a 
broad,  deep  fissure  in  the  rock,  and  plunges  down  dt  one  leap 
at  least  100  fcef.  into  a  vnJky  only  about  50  feet  wide.  The 
npper  part  of  the  fissure  is  only  100  feet  wide.  The  vast 
body  of  water  thus  disajipearing,  us  it  were,  into  the  earth  ia 
carried  away  to  the  eiist  in  the  direction  of  the  open  piut  of 
the  fissure.  The  broken  water  rhes  in  viipour  200  or  300 
feet  above  the  top  of  the  falls.     Dr.  Livingstone  states  that 


he  aaw  the  fallg  at  low  water.  At  high  water  the  vapour  is 
fiflid  to  be  visible  ten  miles  off,  and  the  eound  is  heard  at 
an  equal  tltstance. 

Among  the  African  falls  the  Ripun  Falls,  described  by 
Speke.  ftnd  the  Karuma  and  Muruhiaon  Falls,  visited  fcj 
Baker",  are  also  remarkable.  By  these  falls  the  Victoria  Nile 
or  Somerset  River,  connecting  thi^  Victoria  Nyaniia  with  the 
Albert  Njftnza.  mfikca  its  waj  from  the  higher  to  th<?  lower 
lovul,  the  difference  of  level  being  nearly  &00  feet.  The  prin- 
cipal falls  of  the  Nile  are  tlie  Murchison  Falls,  where  thu 
rivLT,  500  yards  broad  and  of  considerablp  dypth,  gradually 
uiirrows,  and  at  le]igth,  confined  in  a  narrow  gorge  scarcely 
50  yards  wide,  leaps  down  precipitously  for  IQO  feet  into  a 
dork  abyss  below.  "  The  fall  of  water  vms  snow  white,  which 
had  a  superb  effect,  as  it  contnistad  with  the  d:u-k  cliffs  thai 
walkd  the  river,  while  the  graceful  palms  of  the  tropics  oud 
wild  plantationa  perfected  the  benutyof  the  view.*''* 

America  poflstaaes,  in  the  great  Falls  of  Niagara,  one  of  the 
moat  ri'mai'kabla  cataracts  in  the  world,  and  one  which  is  far 
better  kuowii  than  others,  owing  to  its  position  in  a  civilised 
and  perfectly  accessiU'e  countfy.  The  Falls  of  Niagara  re- 
semble, so  for,  those  of  the  Zamhcsi,  that  they  consist  of  a 
■eloau,  unbrolten  fall  of  a  whole  river  over  a  vertical  precipice. 
The  body  of  water  is  enormous,  aucJ  the  heij^ht  very  grest. 
Having  been,  accirately  measured,  and  every  detail  rtMiorded, 
these  falls  aervo  ea  a  usuful  standard  of  comparison.  The 
Niiigara  River  ia  the  name  ^ven  to  the  channel  conducting 
the  HuterB  of  Lake  Erie  to  Lake  Ontario,  and  the  diiferenc© 
of  the  level  of  the  waters  of  these  two  lakes  being  331  feet, 
and  the  distance  or  length  of  cliannel  Sitj  miles  measured 
along  its  course,  then:;  is  a  fall  of  about  1 0  leet  per  mile.  The 
breadth  of  the  channel  varies  from  half  a  mile  to  mure  thiOi  a 
mile,  aa  it  runs  over  a  nearly  level  terrace  of  hard  rock  on 
issuing  from  Lake  Erie,  In  this  way,  passing  some  islanila 
^  and  descending  gfadu>illy,  it.  runs  for  lOJ  miles  towards  the 

^H         north  to  Grand  Island.     At  this  point  the  riv-or  is  about  a 
^^  mile  wide  and  turns  towards  the  west,  running  for  3^  miles 

I  over  rapidi.  falling  in  that  distance  60  feet,  the  last  51   feet 

^H         being  in  the  last  half  mile,  terminating  at  the  actual  cataract. 
^H         Up  to   the  chief  rapiis  tlis  river  ia  navigable.     The  Great 
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Falls  Eire  fonned  at  a  point  where  the  river  tuma  sudi3enTy  to 
the  NNK.  The  banks  ax6  level  aud  little  above  the  water, 
in  tliiB  respect  agreeing  with  the  Zambesi  Falls.  Tliere  is 
a  Tery  deep  cleft  or  nivine  in  the  direction  of  the  water 
chaDDcl  towards  Lake  Ontario,  douhtUss  formed  gradiiallj  by 
the  UDdermining  action  of  the  water  itself  iu  the  course  of 
lime.  Thare  are  two  falls,  diviJBd  by  Goat  Inland.  That  on 
the  aouthern  (Amfjiicanji  side  ia  375  yards  ivide,  the  water 
failing  lti:3  feet.  On  the  other  (Canada)  side  is  the  florae- 
etoe  Full,  (m  called  from  ita  shape),  70iJ  yards  wide  and  149 
feet  down.  The  intei'val  or  hreaJth  of  Goat  Island  is  330 
yards-  The  ^hole  breadth  of  falliing  water  is  1.4'('5  yards, 
and  the  average  quantity  of  waiter  falling  is  estimated  hi, 
7'*fl.000  tona  weight  per  minute.  Below  ia  a  strong  eddy  or 
whirlpool.  After  running  or  about  four  miles  through 
narrow  precipitous  rocks  the  river  emerges,  and  runs  again 
quietly  for  the  rest  of  its  course.  It  is  impossible  by  any 
language  or  description  to  do  justice  to  the  extraordinary 
grandeur  and  laiprcssiveaeas  of  the  seeue.  It  is  one  of  those 
that  must  be  viailed  to  be  uaderatood. 

Some  of  the  risers  in  the  uorth-westera  part  of  North 
America  are  abo  remarkable  for  their  cataracts,  but  they  are 
httle  known  and  less  vietited.  The  Falls  of  Kakabilta.  where 
A  toiTejit  of  water  broken  into  foam  leaps  precipitously  over 
lofty  cli£fe  of  sajidetone,  are,  perhaps,  the  moat  remaikalla. 


CHAPTER  X. 

^mB  PHENOMENA  OT   lOB. 

Water  in  the  gaseoua  state,  or  vapour^  is  so  feadily  dissemi- 
nated through  and  so  easilj  held  in  air,  and  is  so  iooportant 
and  eTen.  eissential  a  part  of  the  earth's  atmosphere,  that  it 
occupies  in  this,  as  well  as  in  the  liquid  state,  an  important 
and  definite  place  on  the  eartb-  The  properties  of  ice  or 
solid  water,  however,  differ  aa  essentially  and  completely  from 
those  of  the  liquid  as  these  do  from  vapour,  and  in  physical 
geography  it  is  necessRry  to  consider  each  separately.  At 
present  let  tis  consider  what  19  dnue  by  and  with  ice,  and  xa 
what  way  it  perfortna  its  task  on  the  earth.  In  another 
chapter  we  will  endeavour  to  trace  the  history  of  aqueous 
vapour  io  the  atmosphere. 

Snow  is  fl  form  asauined  by  solid  water  in  the  higher  parts 
of  the  Qtmosphere.  It  is  one  of  the  most  beautiful  and  most 
curious  objects  in  nature,  and  above  a  certain  altitude,  even 
withiu  ihe  tropics,  it  is  formed  in  the  air  by  the  condensatioii  i>f 
vapour,  and  nifiy  remain  permanent  in  eonsiderable  quantity. 
When  perfectly  formed  in  very  still  air,  snow  is  not  a  mere 
irregular  aggregate  of  ice  paiticles.  In  on  ordJnarOy  calm 
atmosphere  water  crystallises  i«  hesagoual  aters.  From  a 
central  nucleus  sis  spicalse  of  ice  radiate  with  perfect  regu- 
larity, and  between  each  two  epiculffl  there  is  an  angle  of  600. 
From  each  of  these  six  other  spiculee  of  smaller  size  are  thrown 
off,  always  at  the  same  angle,  and  so  again  others  proceed 
from  these  in  the  same  way.  Tiaey  are  Mke  the  petals  of  a 
blossom,  but  exhibit  the  moat  marvellous  variety,  although 
all  formed  by  a  repetition  of  the  same  details.  When  there 
is  much  wind  the  snow  forma  in  email  pellets  about  the  eize 
of  a  pin's  head.     These  ai'e  hard   and   frozen,  and  driven 
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rapiJly  snd  far  by  the  wind.  Even  in  the  iFartnest  parts  of 
the  world,  and  where  there  are  no  raountflins,  snow  is  ihna 
formed  in  the  air  at  great  elevations,  owing  to  the  rapid 
radiatioa  that  takes  place  when  aqueous  vapour  ia  carried  into 
the  lighter  and  expanded  parts  of  the  atrngsphere. 

Thus  there  is  everywhere  a  hmit  ahove  which  water  only 
exists  in  the  solid  form,  and  the  position  of  the  snow  line,  as 
this  limit  is  called  when  it  touches  the  earth,  is  well  known 
in  h]1  mountain  diathiits.  In  the  Andss  of  Pera  it  rises  to 
18,000  feet.  In  weatem  Africa*  at  Kilmanjoro,  it  is  estimated 
at  17,000  feet,  but  may  be  higher.  Its  position  is  by  no 
means  determined  by  latitude  only,  for  in  the  Himalayan 
mouTtlains  the  snow  line  rises  to  IftpOOO  feet  on  the  north 
Bide,  and  only  to  15/)00  fei^t  on  the  south  aide.  So,  also,  in 
the  Andes  the  height  of  the  snow  lijie  under  the  equator  is 
15.795  feet,  but  in  Paru  it  ia  at  least  iiOOO  feet  higher.  On 
a  general  average,  however,  it  may  ha  stated  at  aliout  16,000 
feet  in  the  tropics,  and  whenever  it  is  higher  there  is  some 
local  and  exceptional  cause  for  the  phenomenou.  B'rom  this 
altitude,  as  we  advance  noithwards  and  southwards,  there  is  a 
gradual  but  irregular  dettcent.  At  Copiapo^  in  the  Andes,  it 
IS  l;i.800  feet,  near  Valparaiso  I'^^TSO  feetj  at  the  southern 
end  of  the  Chilian  Andes  8,300  feet,  and  in  the  Straka  of 
MageUan  only  3,390  feet.  So  in  the  northern  hemiBphere 
and  on  the  great  cMntinent  the  descent  ia  sirailar.  In  the 
Atlas  mountains  it  is  probably  above  13^000  feet.  In  Sieiiy 
above  10,000  feet.  ]n  ihe  Savoy  Alps  the  limit  is  a,500  feet. 
In  Norway,  however,  it  is  lesa  than  4^000  feet,  and  close  to 
the  Arctic  Ocean  it  ia  a.OOO  feet. 

In  the  southern  hemisphere  there  is  no  snow,  even  on  the 
low  lands,  at  the  level  of  the  eea,  nearer  the  equator  than  the 
48tb  parallel  of  latitude ;  but  in  the  northern  hemisphere  this 
is  by  no  means  tha  case,  and  snow  is  ocfHsionally  seen  in  very 
much  lower  latitudes.  This  is  the  result  of  the  mass  of  land 
and  its  influence  on  climate.  In  the  western  part  of  the  old 
world  snow  falls  near  the  sea  in  latitude  30°  N.,  and  on  the 
eastern  side  of  America  the  same  limit  is  reached.  In  Chiiia, 
on  the  eastern  coast  of  the  old  world,  snow  falls  at  Canton, 
bttt  on  the  western  side  of  Asienca  there  is  none  below  48*. 
There  are  certain  sheltered  spots  in  Europe,  some  beneath 
tha  Alps,  on  the  Gulf  of  Genoa,  others  on  the  south  codsl  of 
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Spain,  where  snow  is  rarely,  perliaps  never,  seen.    These. 
however,  are  quite  exceptionsl. 

The  number  of  d-iys  in  which  enow  falls  daring  the  year 
▼aries,  as  might  be  suppo^^ed,  according  to  the  climate- 
Thus,  at  Rome  the  average  is  one  day  and  a  half,  and  at 
Pettrsburg  one  hundred  and  sevenij-one  dajs,  The  incre- 
ment i&  very  irrej,mlar.  In  England^  ajid  generallv  on  the 
western  shores  of  Europe,  there  is  very  little  snow  compared 
with  places  In  the  same  latitude  in  the  interior  of  the  con- 
tineDt.  Very  large  quantities  fall  on  the  east  coast  of  North 
America  in  latitudes  much  lower  than  those  of  places  in 
Europe  where  frost  is  little  known.  The  conditions  of  a. 
country  under  snow  are,  however,  not  such  as  to  injure  vege- 
tatioHj  fur  it  is  a  bad  conductor  yf  beat,  and  ejttreme  cold  is 
never  fdt  beneath  the  coatitig  that  accumulates  during  any 
single  winter.  Snow,  as  it  usually  falls,  ia  not  compact,  and 
under  ordinary  circumstances  it  alters  little  when  once  on 
the  ground » 

Hail  conaiets  generally  of  a  nucleus  of  snow,  probably 
fontied  in  the  higli^r  regions  of  the  atmosphere,  and  coated 
with  ice  frozen  upon  it  us  it  descends  towards  the  earth. 
Hail  almost  always  falls  during  storms,  and  is  connected  with 
considerable  changes  in  the  state  of  the  atmosphere.  Hail- 
stones as  they  fall  often  become  frozen  together,  bo  that 
occasioually  large  angular  lumps  of  ice  reach  tlie  earth,  doing 
great  damage  to  crops,  and  destroying  much  valuable  pro 
perty.  Tho  paths  of  great  hail-storma  are  often  very  dis- 
tinctly marked,  and  a  &torm  is  generally  found  to  be  extreoiely 
narrow  in  proportion  to  its  length.  A  very  destructive  storm 
is  recorded  to  have  lard  waste  a  narrow  belt  of  country,  ex- 
tending between  the  south  of  France  and  Holland,  traversing 
this  distance  in  a  few  hours.  On  either  side  of  the  line  thus 
dmwn  the  mischief  was  extremely  small. 

Ilflil  is  most  common  in  countries  not  far  from  mountains, 
but  not  necessarily  adjoining  veiy  high  land.  It  falls  most 
usually  during  summer,  and  at  or  near  the  hottest  part  of  the 
day.  It  is  very  nro  on  low  lands  within  the  tropics*  but 
common  at  a  height  of  a  couple  of  thousand  feet. 

Ice  ia  a  ^iubstance  familiar  enough  to  the  inhabitants  of 
terajierate  end  cold  climates,  and  one  whose  properties  are 
mora  or  less  known  to  eveiry  one,  hut  the  I'esuU  of  ice  action 
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on  tbc  globe  is  not  so  generally  flppreciated  as  the  subject 
desenes.     It  well  deserves  a  special  and  careful  deacrlptioii. 

Among  the  r&markable  peculiaritiefi  of  ice  is,  that  it  expanda 
in  the  act  of  beiug  formed,  occupying  more  apace  than  fluid 
water.  This  13,  do  doubt,  the  result  of  a.  pecuUar  arraugement 
of  the  atoms  iu  crystallising,  for  no  eoouer  do  the  polar  forcea 
begin  to  act,  and  solidification  commences,  tban  the  atoms,  in 
placing  themselves  in  their  new  position,  leave  larger  spaces 
between  them  than  before  fixisted.  Whatever  be  the  cause  of 
this  curious  fact  (which  has  been  Doticed  also  in  bismuth  and 
a  few  other  substBDces),  one  result  must  be^  that  pressure, 
instead  of  tending  to  aoUdifj,  actually  tends  to  preheat  eoUdi- 
iicatiou,  and  thus  the  freezing  point  of  solid  water  is  lowered 
bjr  pressure.  It  is  possible  to  liquefy  ice,  in  planes  perpendi- 
cular to  presaure,  without  in  any  way  affecting  its  temperature. 
Ice  does  not  so  readily  form  at  great  depths  of  water  below  the 
freezing  poict,  fi-'^  in  (be  sarae  water  near  the  surface. 

Ice  is  always  crj-stalline,  and  i^  therefore  pure ;  tiiVing  up  but 
little,  if  any,  of  tiie  varioua  substancea  contained  in  the  water 
from  which  it  was  formed.  'l"beiceof  salt  water  cotitaina  no  salt 
and  no  air,  with  the  exception  of  such  bubblies  as  oi'e  caught  up 
during  the  act  of  crystalliaatioo.  It  has  already  been  pointed 
outj  that  owing  to  it^  property  of  e.-^panding  dtiring  ootisoHda- 
tion,  ice  ia  lighter  than  water  not  yet  frozen,  and  thus  floats  on 
the  surface,  instead  of  sinking  to  the  bottom.  Being  itself  a 
yerj  bad  conductor  of  he^t,  a  coat  of  ice,  once  formed,  tends  to 
keep  unfrozen  the  remainder  of  a  body  of  water  exposed  to 
intense  cold. 

Salt  water  requires  a  much  lower  temperature  than  fresh 
water  to  become  solid,  so  that  the  sea  is  not  fro?:en  except  in 
the  Arctic  Ocean,  and  then  only  during  part  of  the  year.  The 
ice  formed  in  this  way  (t-alled  pack-ioe)  is  tximfiarjitively 
an  unimportant  part  of  that  which  prcdueea,  or  has  produced, 
a  great  mfchanical  result  on  the  earth.  The  greater  portion 
of  this  latter  iie  ie  derived  from  snow,  and  is  the  resultof  snow 
falUog  on  kndif  where  part  of  the  hmd  is  above  the  height  at 
which  snow  remains  solid-  It  is  thus  limited  to  high  latitudeSj 
and  it  is  clear  that  thia  fact  excludes  the  possibility  of  any  im- 
portant ice  ofi'ects  being  produced  on  low  lands  in  the  Iropiis 
and  temperate  zones  It  is,  indeed,  possible  that  the  land 
on  the  earth  might  be  so  arranged  that  no  perpetual  snow 
Bhoald  exist  out  of  tlie  circurapolar  regions.     Ono  can  even 
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conceive,  without  difBcuHy,  tbe  conditious  that  should  reader 
large  acciiumJatiotis  of  ice  aJtogetlier  impossible  on  the  earth's 
surface.  On  the  other  hand,  lij  &  certain  disposition  of  the 
land|  and  especially  of  mountain  chains,  it  might  be  possible 
to  ensure  perpetual  snow  from  the  tropics  to  the  poles. 

But  the  suow  that  falls  m  any  one  spot,  even  on  the  highest 
mountain,  is  not  really  perpetual,  during  winter,  in  certain 
situations,  snow  falis  very  frequently,  and  in  large  quantity. 
During  summer,  enormous  quantities  of  it  are  always  evapo- 
rated or  melted.  But  this  action  is  not  everywhere  reciprocal. 
Below  &  certain  line,  all  that  falls  is  melted.  Above  that  line, 
the  melting  is  not  equal  to  the  fall,  and  at  the  end  of  the  year 
a  residue  esials.  It  must  be  manifest,  tliat  the  lice  is  subject 
to  change  in  different  seaaonSi  but  only  within  certain  limits. 
Above  this  line,  there  must  be  a  constant  tendency  to  aecuma- 
late  suow,  and  if,  for  example,  a  layer  of  three  feet  is  added 
each  year  to  the  mass,  this,  in  the  course  of  a  few  thousand 
yearg,  would  completely  bury  the  mountaiUj  and  rise  far  above 
its  sutnmit.  No  such  accumulation  takea  place ;  but  to  prevent 
it,  there  must  be  some  means  beyond  evaporation  and  the 
melting  due  to  the  summer  heat.  Among  these  means  are 
avaknohes,  or  falls  of  snow  rushing  dovm  steep  slopes  into  the 
valleys  below,  and  melting  when  cairied  below  the  snow  line. 
But  there  is  still  another,  and  a  far  more  quiet,  regular,  and 
tiihcacious  mode  of  relieving  the  mountains  £rom  their  load  of 
Solid  v^ater.  As  one  layer  rests  on  another,  the  deeper  por- 
tions of  the  anow  become  squeezed  and  conaohdated, — the  air 
is  pressed  out,  and  the  already  frozen  particles  in  contact  with 
each  other,  ag^egate,  and  become  ice,  The  mode  in  which, 
by  a  little  rolling  and  squeezing,  a  snow  ball  is  first  cnade,  and 
then  enlarged,  is  familiar  to  every  scbool-boy.  The  pressore 
being  iucreased,  the  snowball  becomes  solid,  though  still  ad- 
mitting of  a  certain  yielding  to  further  pressure.  So  soon, 
then,  as  a  large  quantity  of  snow  has  collected  in  some  recess, 
finch  a^  a  valley  above  the  snow  line,  the  lower  portions  are 
squeezed,  and  carried  down  the  valley,  creeping  on  slowly  but 
inevitably,  and  combioing  a  motion  of  the  snow  among  its  own 
particles  with  a  general  travelling  down  of  the  whole  mass.  If 
the  general  bed  slopes  downwards,  but  is  uneven  and  irreguljir, 
the  whole  mass  will  move  over  the  irregularities,  rising  over 
end  tending  to  grind,  scar,  furrow,  and  carry  awsy  mhatevef 
comoa  in  its  way,  and  often  polishiiig  the  hardest  stouns  by  the 
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combined  action  oE  the  frozen  enow,  and  the  Band,  Btones, 
Dud  TOiiks  that  gracluallj  become  buried  in  it.  Generally,  the 
tqQgue  of  ice  that  descends  below  the  snow  lino,  melts  away  be- 
fore it  hfis  }idvan<2ed  very  far,  and  thu^  the  balance  is  Itept  up. 
Not  uiifrequeiitly,  however,  in  certain  mountain  districts,  large 
and  deep  valleys  receive  the  masses  thus  sent  down  ;  jn  these 
vftlleya  they  become  yet  more  consolidated  ;  sevetal  atreams  of 
ice  meet  together^  and  the  whole  moves  onwards,  for  a  great 
distance,  at  &  gIow  but  raeasurablo  puce,  imitaUng  closely  the 
motions  of  a  riser,  and  conveying  the  combined  mass  far  away 
ffom  the  mountain  valley  in  which  the  snow  fell  to  which  they 
were  dne.  Here,  also,  the  ice  ia  carried  forwards  until  the  con- 
sumption and  waste  below  equal  the  snpply  from  above,  and  at 
tliis  poiut  a  stream  of  water  commences.  It  may  be  only  a. 
few  hundred  yards,  or  it  may  be  twenty  miks  below  the  sum- 
mer suow  line,  that  we  have  permanent  ice.  Above  the  snow 
line,  both  in  summer  and  winter,  there  is  always  anow  on  the 
surface  and  ii:;e  below.  The  portion  below  the  snow  line  be- 
comes a  ghcier,  and  the  part  above  the  snow  line  is  called  neve^ 
(in  German,  Fini}.     The  neve  is  tlie  feeder  of  the  glacier. 

Net-e  h  formed*  and  tke  structure  of  glacier  ice  obtained  by 
the  following  process.  The  snow  having  fallen,  and  become 
drifted,  the  action  of  the  sua  on  the  mass  of  snow  dust  and 
crystals  partially  melts  them,  and  causes  them  to  form  into 
Uiger  grains,  which  become  further  compacted  and  frozen 
tfjgelher  diirini^  the  nest  interval  of  cold.  When  the  interval 
is  long  betiveen  two  falls  of  fresh  snow,  this  change  is  con- 
tinued far  down  into  the  first  fall ',  and.  on  the  other  haad,  the 
sooner  n  fresh  layer  faJls,  and  covers  up  the  former,  the  more 
imperfect  will  be  the  conversion,  and  the  less  compact  the 
nece.  In  the  course'  of  years,  however,  the  iieve  increases,  by 
successive  strata,  until  the  wliole  msss,  pressed  downvrarde  bj 
a  considerable  weight,  is  thoroughly  compacted,  and  converted 
into  glacier  ice.  It  also  becomes  cracked  and  fissured,  often 
to  a  great  depth. 

The  essential  condition  for  a  glBcier  is  llie  existence  of  some 
raviac  or  valley,  at  sutEcient  height  on  a  mountain  side,  and 
at  anch  a  slope,  as  to  allow  of  the  accumulation  of  tme  to  suoh 
an  ejttent,  that  its  weight  can  force  down  the  whole  mass  into 
the  valleys  b&low.  where  the  ice  brought  will  be  melted.  The 
whole  moves  together,  but  neither  in  tlie  way  of  &  solid  or 
fluid.    It  moves  more  or  less  slowly,  according  to  the  cqndi- 
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tiona  to  wliicli  k  is  exposed.  TIi«  central  part  moTes  ino 
rapidlj:  the  (vliole  moves  fa:>ter  in  sumraet  thau  in  whiter. 
But  llie  motion  Is  slow.  A  few  inches  per  daj  is  not  iinusual, 
Jliid  it  ia  TiLm  that  the  most  rapid  propresa  exceeds  two  or  three 
feet.  Tba  cold  of  winter  peuelrates  but  a  short  depth  below 
the  surface,  and  thus  the  motion  continnes  all  tbe  year  round, 
though  accelerated  in  sumtner. 

OccaaionQllj,  there  are  glaciers  of  ivhich  the  nepe  is  imper- 
fectly formed.  They  reflch  ateep  slopes,  and  jet  inove  but 
little.  Thejruther  slide  like  solids,  than  move  mlh  the  plas- 
ticity of  chiimcteristic  glaciers. 

Glaciers  ai'e  rent  thmugh  hj  deep  and  numerous  fissures, — 
most  DUttKiroua  and  fl-idest  in  summer,  but  cuustantly  closing 
up  and  re-foitned.  Streams  of  melted  ice,  running  along  the 
surface  duriog  mimiiier+  are  received  into  these  crevices  and 
escape.  An  enormoua  loss  of  the  upper  part  of  the  glacier 
tflkea  place  overy  year,  and  the  lower  parts,  witii  their  con- 
tents, are  constantly  brought  to  the  aurfa<;e.  Aa  &  vast  quan- 
tity of  fra5;rinents  of  rock  are  received  on  the  i<^e,  these  are  at 
length  laid  bare :  and  thus  are  produced  those  Btreams  of 
stones  and  giavel  known  es  wormnes. 

Of  such  a  nature  are  the  masses  of  ice  that  are  accumulated 
in  many  of  the  higher  valleys  of  the  Alps  and  of  other  niomi 
tain  chains.  When,  however,  a  glacier  runs  down  so  far  as  to 
reach  and  enter  the  sea  wdtbout  melting,  although  it  may  con- 
tinue to  advance  through  the  iviUer^  its  masSj  which  k  lighter 
than  the  corresiiondlng  l^ulh  of  sea  wafer,  must  at  hist  break 
away,  rise  to  tbe  surface,  and  float  06".     In  this  state  it  ia  an 

It  is  very  important  that  the  student  should  he  famjliar  with 
tlie  phenomena  of  ic*3  in  order  to  understand  tbe  effect  of  gla- 
ciers and  icebergs  on  the  earth's  surface.  If  we  follotr  the 
course  of  nne  of  the  great  glaciers  of  the  Alps,  we  sliall  find 
that  gevoral  triliutaries  help  to  form  one  great  glacier.  Both 
the  smaller  and  jprincipfll  valleys  are  often  tortuous^  and  the 
tiibutariea  not  only  change  their  direction,  hut  mingle  their 
currents  to  form  tbe  ultimate  mass.  The  glacier  must  often 
force  its  way  through  narrow  goi'ges,  and  soraetiines  may  be 
pushed  over  large  open  apuces,  and  even  over  rising  ground. 
Everywhere  it  must  overcome  oroverpass  the  natural  obstacles 
that  lie  on  the  surface  in  mountain  countries.  Tlie  total  mo- 
tion of  the  most  rapid  part  may  not  exceed  an  inch  an  hour — 
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it  maj  nfit  be  more  than  a  few  inches  per  day ;  btit  the  motion 
follows  i!ie  same  lawa  as  that  of  a  rivarj  the  line  of  greatest 
rapiflity  changing  from  one  sitb  to  the  other,  as  the  form  of 
the  valley  re^iuires, — the  whole  masa  sometimes  accamulating 
or  seeming  to  accumulate  m  tnmquiil  pieces,  but  the  central 
part  nlvi'nys  movio^'  on  and  drugging;  tlia  sides  with  it. 

Ill  popular  lan^uftge,  it  liaa  often  been  mid  that  the  raotiou 
of  the  glacier  as  it  descends  is  like  that  of  a  teiiaciotis  fluid. 
Bat,  strirtly  speakingi  this  language  is  incorrect ;  for  all  -vis- 
cous  fluids  move  like  treacle  or  tar,  and  in  adapting  thenn- 
eelves  to  irregularities  of  surface  th&y  act  precisely  as  other 
fluids.  Ice  is,  however,  a  solid,  and  is  not  capable  of  thi^. 
In  the  place  of  it  there  is  a  peculiar  physical  property  pos- 
sessed by  solid  water  to  which  this  accommodating  faonlty  is 
owing.  It  arises  from  the  property  of  rsgehition. — a  property 
familiar  enough  and  easily  illustrated  by  experiment,  and  i>ne 
of  very  considerable  importance  in  nature.  It  ia  illnfitrfltE;d 
by  the  fact,  that  if  two  Hat  surfaces  of  ice  are  hrmight  in  con- 
tact, the  two  surfaces  at  once  freeze  together  and  become  solid. 
FaraJay  has  shown,  that  if  a  number  of  pieces  of  ice  are  floated 
in  a  basin,  then,  if  one  piece  touches  another,  if  only  at  a  single 
point,  they  become  attached;  and  tlius  a  train  of  such  pieces 
may  he  formed,  one  dragging  all  the  rest.  If  in  such  an  ex- 
periment ft  bend  is  made,  the  chain  is  broken ,  but  as  quickly 
re-cemented,  "Thug,  a,  wheel  of  ice  might  be  caused  to  roll 
on  an  ice  surface,  the  contacCS  being  incessantly  ruptured  with 
a  crackling  noise,  and  others  as  quickly  established  by  regela- 
lion."*  It  13  well  known,  that  the  mere  squeezing  of  snow 
granules  by  the  foot  produce3  rigidity  and  makes  a  solid  bridge. 
"  *  without  this  property  it  would  often  be  impossible  for  the 
louutaineep  to  advance,  when  nacendiug  lofty  anow-covered 
lountaina  or  crossing  fissures  in  glaciers.  It  is  easy  5o  pro- 
duce any  form  in  solid  compact  ice  by  squeezing  it  into  moulds 
— a  result,  entirely  due  to  this  process  of  regelation. 

When,  then,  a  mass  of  snow  is  compress.ed  vertically  and 
pushed  lalera\ly  by  its  own  weight  as  iE  descenda  some  ravine, 
it  is  not  dillieult  to  undevstaud  that  this  power  of  regelation 
or  freezing  into  some  new  form  iramedintely  after  being  broken, 
does  in  fact  simulate  the  behaviouf  of  a  viscous  fluid.  But. 
however  capable  of  adapting  itself  to  the  exact  form  of  the  ra- 
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pass,  it  is  still,  at  evcnr  iustaut  of  its  eidsteDce  as  a.  glacier^  a 
6oUd  body,  bebflviDg  iu  every  respect  as  a  solid  on  the  rocks 
between  or  over  which  it  passes-  Loaded  with  rxjcks  and 
^toaet,  brought  doiTD  by  the  action  of  the  weather  from  the 
higher  parta  of  the  moantains.  it  exerts,  partly  by  the  aid  of 
these  and  partly  by  its  own  weight  and  friction,  an  enormous 
mechanica!  power  over  the  rocks  in  its  progress.  This  may 
be  rewgni^d  along  the  path  of  a  glacier  that  ig  none  threading 
its  way  down  a  valley.  But  it  is  yet  more  clearly  seen  in  re- 
ference to  ancient  and  much  larger  glaciers,  that  once  cour^ 
down  these  valleys  and  entered  the  plains  below.  •'  Go,  for 
example,  to  the  gkcier  of  the  Aar^  in  the  Bemeso  Alps,  and 
oteerve  its  preseat  performancra  ;  look  to  the  rocks  «pon  its 
Banks  as  rhey  are  at  this  moment  rounded,  polished,  and  scarred 
by  the  moving  ice.  And  haTiug  by  patient  and  varied  exer- 
cise educated  yuur  eye  and  judgmeal  in  these  matters,  walk 
down  the  glacier  towards  its  end,  keeping  always  in  view  the 
evidences  of  the  glacier's  action.  After  quilting  the  ice,  con- 
tinue your  walk  do\ni  the  valley  towardH  the  Grimsel;  yoa 
seu  everywhere  the  same  immii^takeable  record.  The  rockB 
which  me  from  the  bed  of  the  valley  are  rotmded  like  hogs' 
backs ,  these  are  the  roches  tnoutonnh  of  Charpentier  and 
Agassiz ;  you  obsen.'e  upon  them  the  larger  flutings  of  the 
ice.  and  also  the  smaller  scars  scratched  by  pebbles^  which  the 
glacier  held  m  emery  on  its  under  surface.  All  the  rocks  of 
the  Grimsel  have  heen  thus  planed  down.  Walk  down  the 
valley  of  Haali  and  examine  the  mountain  sides  right  and  left  ; 
wilhout  the  key,  which  I  now  suppose  yoii  to  possess,  you 
would  be  iu  a  laud  of  enigmas  ^  but  with  this  key  all  is  plain  r 
you  Bee  everywhere  the  w^ll-knowTi  acars,  and  ilulitigs,  and 
furrowingg.  Iu  the  botLom  of  the  valley  you  have  the  rocks 
filed  down  in  some  places  to  dome-shaped  masses,  and  in 
others  polished  So  smooth  that  to  pass  over  tbetn,  even  when 
tlie  inclination  is  moderate,  steps  must  be  hewn.  All  die  way 
down  to  Mayriugen,  and  beyond  it,  if  you  wish  to  purane  the 
enquiry,  these  evidences  abound.  For  a  preliminary  lesson  in 
the  recognition  of  the  traces  of  ancient  glaciera,  uo  better 
ground  can  be  chos{;n  than  this. 

"  Similar  evitiences  are  found  in  the  valley  of  the  Rhone , 
you  may  track  them  through  the  valley  for  SO  miles,  and  lose 
them  at  length  in  the  lake  of  Geneva.    But  on  the  flanks  of 
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the  Jura,  at  the  opposite  side  of  the  Canton  de  Vmd,  the  evi- 
dences re-appear.  All  along  these  limestone  slopes  you  have 
strewi>  the  granite  boulders  of  Mont  Blanc.  Rigbt  and  left, 
also,  tVora  the  great  Rhone  valley,  tiie  kteral  valleys  show 
that  they  were  onue  held  by  ice.  On  the  Itftlinn  side  of  the 
Alpa  the  rerooina  ai'e,  if  poseihle,  more  atupeniioua  than  pn  the 
northern  side.  Grand  as  are  the  present  ghiciera  to  those 
who  explore  them  in  all  their  lengths,  they  are  mora  pigmies 
in  comparison  with  their  predecessors,"* 

Although  the  Alpg.  an  beiu^  the  nearest  and  most  HcciSBible 
mountains  to  European  travellers,  have  been  more  studied 
than  any  others  in  reference  to  their  glaciers,  they  are  not 
aluue  ju  this  respect,  neither  are  they  remarkable  for  the  com- 
parative magnitude  and  irajjortance  of  the  phenomena  indi- 
cated.! iloat  of  the  great,  mountaic;  chains  exhibit  glaeial 
phenomena  to  a  grettter  or  less  extent,  though  in  some,  as  in 
the  higher  Ande^,  the  position  of  the  mountain  chain  with 
respect  to  the  prevnlentwind^  renders  them  t^omp^irativQly  un- 
important. In  the  islanni  ef  New  Zealand,  where  there  are 
lofty  mountain  cliaina,  the  glaciers  ore  on  a  grand  seale^ 
and  the  moraines  derived  from  them  are  described  by  Dr* 
Haast  aa  being  uuesually  well  detiried  and  plentiful.  The 
Tamilian  glacier  is  IJJ  miles  long,  and  at  its  lower  extremity  1^ 
miles  wide.t  In  the  Him/iloyan  mountains  the  glaciers  are  far 
more  remarkable.  The  tributaries  to  some  of  those  of  greatest 
Diflgnicude  are  ffonj  eight  to  ten  miles  long ;  and  the  great 
glacier  of  Mustahh,  described  by  Capt.  God  wen- Austen,  was 
Htl  miles  in  length  in  a  part  which  was  actually  survByed 
trigouo metrically.  These  glaciers  are  not  less  remarkable  for 
their  enorraoug  width  than  for  their  great  length.  The  Arctie 
and  Antarctic  regions,  again,  afford  other  instances  in  which 
rivers  of  ice  enter  the  sett  after  a  long  course  over  lands  not 
so  loftv,  but  where  the  snow-Une  is  mu?h  lower.  There  are 
very  fine  glaciers  in  the  Norway  mountains,  and  those  of  Green- 
]jmc]  are  yet  more  remarkable. 

It,  has  long  smce  bt^en  noticecl  Uiat  in  many  districts  \7here 

ff   •  "TyndGUV  LectursB  on  Heat,"  p.  190, 

~  +  The  Inrgeat  Alpine  gkcier  ia  that  of  Aletacb,  deaceadmg  from  tto 
Bouth  aide  of  tbe  Bernea<j  Obiirlan,d,  It  diiSL'eads  in  an  unbroken  stream 
for  a  diist!iiu-e  of  1&  miles,  mid  an  average  brtJinlth  of  one  mite.  The 
Bttme,  Rlione^  Po,  and  Ailige,  are  all  f&d  by  Alpine  pliit-icra, 

^_  J  "  Prou.  Of  Roj.  aeog,  aoc,"  Vol,  viii,  '(1804),  p.  57. 
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now  tliere  is  no  perpetual  ioe,  and  where  even  snow  itaelf  is  Ji 
rniitj,  there  are  marks  on  the  enrface  of  the  grpund  precisely 
similar  to  Uiose  produced  by  placitT  action.  That  glaciers  are 
jH)\^^erful  fiyenta,  both  in  hreaking  up  and  carrying  away  rooks 
of  vjiriuus  sizes  auiJ  every  degree  of  hardness,  there  is  no 
doul.t.  That  when  the  ke  is  melted  the  rockn  And  fifigraenta 
are  left  behind,  if  too  heavy  to  be  transported  by  tliG  current 
df  ruiiiiing  water  that  replaces  the  glacier,  is  equally  certain. 
When,  therefore,  ive  find  in  the  great  vdley  of  Switzerland, 
or  on  the  aunuy  plaius  of  Lomburdy,  indications  of  the  pre- 
sence of  ice  precisely  identical  with  those  met  with  on  the 
sides,  ov  elosy  to  the  extremity  of  recent  glaciers,  it  is  im- 
po-saible  (irfi-t  least  unrensonahle  to  resist  the  conclusion,  tliat  ice 
has  once  been  present  there  also,  and  that  there  are  extinct 
glflfiiers,  as  we  kuow  tliere  are  extinct  volcanoes. 

But  it  i^  not  only  near  the  raountabis  where  glBoieffe  msj 
Btill  be  studic^d  that  we  find  proof  of  the  former  action  of  ice, 
where  now  no  ice  in  seen.  Similar  appearances  may  be  seen 
and  etiLtlied  in  the  hills  of  CuiiLbeiland,  Wales,  Scotland*  and 
Ireland,  Wliens  there  has  been  a  long  exposure  to  weather 
in  a  climate  liitu  ours  the  finer  scratches  on  the  rocks  httxe 
disappeared,  but  the  peculiarities  of  form  produced  by  tiie 
grindinrr  action  of  moving  ice  haa  been  preserved.  W  hen  in 
such  cases  tke  roclis  are  coyered  by  vegetable  soil,  if  we 
remove  this  soft  covering  we  may  often  find  even  the  striiB 
preserved,  and  tlie  eurface  scai-red  as  deeply,  and  polished  as 
perfectly,  as  those  polished  and  furrowed  on  the  fianUs  of  the 
Alpine  mountains.  In  Cumberlaii[i.  Scawfell  and  Borrow- 
dale  exhibit  abundant  indications  of  ancient  ice  in  rochea 
moulormirs  and  hhcs  perches.  And  so,  also^  in  North  Wales, 
all  round  Snowdon^  the  same  things  may  be  observed,  while 
in  the  south-west  of  Ireland,  near  Killarney,  there  is  evidence 
tbat  tbe  ground  now  occupied  by  the  lake  was  once  covered 
by  a  gjlacieCj  every  islet  that  exigtn  being  even  still  reeog* 
nisable  aa  a.  glacier  dome-  Tlie  whole  of  nurthem  Europe 
and  North  Araerica  aboniid  with  proofa  of  the  same  action. 
Everywhere  ice  has  been  at  work,  for  the  most  part  proceed- 
ing from  mountains  near  at  hand  covered  with  snoWj  when 
the  snow  line  waa  much  nearer  the  sea  than  it  now  is,  and 
Tiith  enow  converted  into  long  tongues  of  ics  stretching  out  in 
every  direction,  and  producing  the  flat  denuded  surface  so 
familiar  and  characteristic  of  those  regions.     Very  far  south 
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the  lands  of  Europe,  and  even  of  Ask  Elinor,  at  a  time 
goologieully  almost  recent,  have  hecn  Biibject  to  the  passage  of 
ic^  acrass  them,  for  it  has  been  determined  that  even  the 
wleljruted,  cedars  of  Lebanon,  grow  upon  ancient  glacier 
morainGs. 

But  -we  have  spoken  of  iceberga  ae  well  as  glaciers.  When 
in  high  latitudes  a  glacier  enters  tlie  sea  and  is  broken  off,  it 
lloats  away  in  very  cold  water,  and  being  carried  along  by 
izwiiue  currents,  may  Le  carried  for  hundreds  or  even  thousands 
of  miles  through  the  ocean.  loebergs  vary  in  size  from  a  few 
yards  to  tnany  miles  in  eireuoifererice,  and  in  lipi^iht  above 
the  water  fum  a  ft-w  yards  to  several  hundred  feet.  For 
ev^ery  foot  above  water  there  are  from  S  to  10  fett  below  the 
fiurfate,  and  thus  many  of  these  masses  may  be  stranded  on. 
enbmftrine  plateaus,  a  thousand  fathonia  deep.  Over  these 
they  must  be  occasionally  dragged  for  some  distance,,  oiving  to 
the  enormous  momentum  of  a  mass  of  moving  ice  of  miUioaa 
of  tons  iveigiit.  Their  burden  of  stones  and  sand  must  be  left 
behind  when  thg  icH  has  melted. 

lcebe»^s,  in  those  parte  of  the  Atlantic  where  they  cross 
the  path  of  ships  proceeding  to  and  from  America,  are  common 
enouj^h,  but  are  not  often  seen  to  advantage,  owing  to  the 
coadensatien  of  vapour  and  formation  of  constant  mirst  around 
them.  Their  presence  cqu  'very  generally  be  told  in  the 
Atlautifi  by  steady  ubi^ei'vatiou  with  tlie  thermotneter,  and  as 
they  are  extremely  dangeroua,  the  careful  navigator  watches 
for  and  evades  them.  It  is  only  in  the  late  spring  months, 
when  the  ice  is  partly  melted,  that  they  descend  in  large 
numbers  to  low  latitudgB,  Iq  the  soutbem  hemisphere  they 
cease  ten  degrees  of  latitude  nearer  the  pole  than  in  the 
northern - 

Icebergs  seen  under  favourable  ciroumatancea,  and  without 
mist,  appear  to  have  steep  clifis  with  a  glittering  surface  of  an 
emeraU  green  tint,  and  pools  of  water  often  lie  on  their 
Buiface,  or  are  projected  in  cascades  into  the  sea.  They  are 
constantly  changing  in  fonn,  melting  generally  with  great 
rapidity,  both  below  and  ahove  the  water  line,  bo  that  their 
centre  of  gravity  is  perpetually  shifting.  Occasionally  they 
topple  and  fall  over,  and  if  too  near,  are  likely  to  b^  dangerous 
to  ships,  owing  to  the  enormous  displacement  of  the  water 
that  then  takes  place.     It  is^  howeverv  not  verv  frequently 
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to  be  seen  at  a  distancB,  and  nu  sliip  would  epproach  them 
ItDnwinglr  and  willingly.  It  has  hapjiened  in  the  Atlantic 
tliat  large  stenmeTS  have  fallen  in  with  groups  of  icebergs  in 
whioh  they  have  become  entangled,  and  from  which  they  hare 
only  escaped  with  great  iliffifiilty.  Others  whose  hiatory  has 
never  been  known,  have  no  doubt  been  destroyed  bj  the  too 
close  contact  of  these  mocsters  of  the  deep. 

There  is  no  doubt  tbat  ice  must  have  covered  a  large  part 
of  the  northern  hemispbere  during  the  late  tertiary  peiiod. 
Abundant  evidence  of  this  ia  to  be  found  on  the  rucki?  tliat 
have  been  ground,  polished,  and  scratched,  while  the  sheet  of 
ice  waa  being  dragged  or  pushed  over  them.  The  whole  of 
northern  Europe,  and  probably  of  northern  Asia  and  North 
Americii,  to  latitudea  below  those  of  the  great  chain  of  the 
lakes,  have  been  included  under  thJa  i<iy  Bhroud.  In  eorher 
times  there  would  seem  also  to  have  been  periods  of  cold 
admiuing  of  glaciers,  although  the  evidence  adduced  ia  hardly 
sufficient  at  pre&ent  to  justify  an  absolute  conclusion  to  that 
effect.  This  is  partly  owing  to  the  long  lapse  of  linae  and  the 
enormous  amount  of  denudation.  It  is,  however,  certain  that 
gravels  of  certain  kinds,  incliadicg  angular  boulders  such  a3 
are  now  characteristic  of  glaciers,  are  met  nitb  in  rocks  of 
ancient  date.  Smooth  and  striated  surfaces  of  rock,  apparently 
scratched  by  the  pa&sage  of  heavy  masses  over  them,  and  some 
other  phenomena  of  like  nature,  are  also  among  the  ililustra- 
tions  that  have  been  biought  forward  in  proof  of  the  ossamption 
of  aocieDt  glacial  actioa.  During  the  deposit  of  the  Permian 
locks,  and  wliile  parts  of  the  old  red  sandstone  were  being 
accumulated,  glaciers  may  have  overspread  Europe. 

Of  late  years  there  has  been  a  tendency  to  assume  the  pro- 
Lability  of  one  uniform  coaliog  of  ice  having  formed  a  kind  of 
ice-cap  over  all  the  northern  lands  of  the  earth,  similar  in 
some  respects  to  what  seems  to  he  the  case  with  the  planet 
Marg.  This  is  not  the  placo  to  discuss  a  question  so  purely 
geological,  but  it  is  worth  while  to  call  the  attention  of  the 
reader  to  it,  as  connected  with  the  existing  physical  geography 
of  a  planet  closely  resembling  our  own  in  mai^y  ^espects^  and 
OHO  of  our  next  neighbours  among  the  bodies  of  our  system. 


CHAPTER  XI. 

SPEIMG3. 

Of  the  water  that  falls  on  the  earth  as  rain,  we  have  seen  that 
a  certain  part  runs  off  the  surface  hj  riyera  into  ihti  sea,  or  is 
evaporated  back  again  ioto  the  otmosphefe  within  a  veiy  short 
time*  The  remaining  part  disappe&rH.  It  passes  into  the 
earth's  crust,  being  aGsorhed  into  the  soil  and  s  UL*f nee -rocks, 
or  entering  the  iuuumerfthle  crevices  and  fissures  that  exist  in 
all  rocks  ncHr  the  surfnce.  Makini^  its  way  ihrougli  permeable 
rocka,  such  as  sftnd.or  passing  into  natural  reservoirs  or  along 
some  underground  channel,  it  circulates  through  the  earth  for 
ft  time,  longer  or  shorter  according  to  circuraatances,  and 
comes  at  leouih  once  more  to  the  surface.  If  it  falls  in  a 
district  yreatlj  above  the  sea  level,  it  may  issue  in  spring*  at 
some  lower  part  of  the  g«nte  country,  or,  hy  the  pressufe  it 
exerts  when  the  rocks  are  full,  may  force  out  other  water  that 
has  alreadj'  porformed  a  loiifr  journey.  If  it  fulls  near  the 
»ea<  it  may  still  he  brought  buck  iuto  circulation,  for  we  know 
that  the  temperature  of  the  interior  of  the  earth  is  higher  than 
at  the  surface  ;  and  it  ia  quite  possible  that  a  little  ivater,  pe- 
netrating the  depths  at  nhicb  it  would  be  converted  iuto  steam, 
may  esercise  a  pressure  sufficient  to  overcome  the  force  of 
gravity,  and  help  to  force  up  large  cf>lunin6  of  water  from  great 
depths,  which  may  either  rise  through  fissures  at  a  high  tem- 
perature iit  thermal  springs,  or,  oozing  upwards,  may  again 
become  cooled  before  reaching  the  aurlace.  It  may  and  dloes 
re-appear  in  this  way  nainrally,  and  at  ordinai-y  temperaturea. 
All  water  obtained  or  obtainable  from  the  interior  of  the  earth 
,       is  called  spring  tialey :  and  all  sources  of  water  v^-Jthin  the 
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fiiderablj ;  and  we  will  first  see  in  what  they  differ,  and  how 
the  coaditioiis  are  to  be  explained. 

Of  ordinary  spriug^*  thei'e  are  three  kiasJs,  if  we  regard  the 
subject  from  a  geological  [loitit  of  view,     Tbus,  iS  the  rock  at 
the  earth  s  surface,  in  auy  locality,  he  perfectly  open  and  per- 
meable, like  gravel  or  sand,  resting  on  some  close  rock,  as 
clay,  all  rain  falling  ou  it  ahika  ia  at  once  to  the  impermeable'      i 
floor  and  forme  pools  in  the  irregulariLies  of  that  floor.    When      I 
a  hole  ia  dug  in  such  sand  or  gmvel,  water  will  ri^e  in  ihe  hole 
to  within  a:  little  of  the  geiieml  depth  at  whidi  the  sand  is 
ivet,     This  may  he  seen  by  experiment  on  a  email  scale  on 
the  sea  shore.     Such  B[)riDgs  are  called  laud  sprhifjs.     They      | 
are  useful,  hut  th<3  water  is  liable  to  injury  from  impurities 
present  at  the  Btirface ;  and  during  long  drought  laud  spiings      | 
are  almost  sure  to  become   dry.      Water,  however  impure,      " 
and  even  wbeu  lai^ely  imfu-egnated  with  salt,  becomes  drink-      ,1 
abie,  and  freed  from  organic  iuapurities,  when  it  has  pejcolated      1 
for  some  distauce  through  almost  any  kind  of  permeable  rock.      » 

Wheu  a  permease  bed,  ar  of  gaud  or  loose  gravel,  lies  be- 
tween two  impermeable  beds,  as  of  cley,  the  tjand  is  sure  lo 
receive  and  absorb  much  water  along  the  line  of  its  outcrop,      j 
An  almost  tdl  rock-beds  oi"  strata  are  inclined  more  or  leas  to 
the  horizon,  the  water  deficenda  and  callecla  in  these  beds. 

I  If  a  water-bearing  bed  is  reached  by  a  well  smik  through  au 

1  upper  impermeable  covering,  the  water  will  ritie  to  find  its 

level ;  and  in  the  case  wJjere  the  water  enters  at  a  higher  level 
than  iha.1.  of  th^  place  where  the  well  is  sunk*  it  may  rise  up 
to  or  eveu  abova  the  surface.     Springs  obtained  in  this  way      , 

I  are  called  Artesian,  frum  the  town  of  Artois,  in  France,  where 

B^uch  sinkings  as  we  have  described  attracted  attention  during 

\  the  middle  ages.     The  discover}',  however,  that  water  could      ' 

he  oiil>tained  by  euch  sinkings,  is  at  least  as  old  as  the  eiviliza- 

I  tion  of  Egj'pt;  and  Artesian  wells,  as  they  ari5  now  called^  are 

very  much  more  ancient  than  the  name  of  Artois. 

I  Many  varloties  of  geological  coudition  and  position  of  the 

rocks  modify  the  circ  urn  stances  under  which  water  can  be  ob- 

j  tftinedf  or  tiie  mode  in  which  it  naturally  flows  in  springs, 

L  Thus,  where  the  rocks  have  been  broken  and  fissures  produced 

that  are  open  to  the  surface,  water  will  rise  tbiough.  audi  fia-      j 

'  aurea  as  into  a  well.      Jf,  after  fissures  have  been  formed      ; 

.  natorally  ui  rocks,  tile  vibole  mfiss  has  been  upheaved,  and  the      ' 

r  ilow  of  water  stopped  by  an  impermeable  rock  coming  against     J 

^  J 


a  penneftlile  snud,  it  ia  clear  that  the  v^ater  Taust  teud  to  find 
its  way  out.  It  will  p?iss  doMTiivnids,  ir  pos&iblit>,  but  failing 
any  downward  exit,  or  if  the  rock  below  is  already  foil,  it  will 
iDevitably  rise  towaiil&  the  surface  through  niiy  open  channel, 
mid  it  will  generally  he  e,ble  to  rise,  for  the  tarth  h  mrftlj 
so  cloae  hs  Hot  to  admit  of  Some  outlet,  and  this  is  soon  en- 
larged where  water  runs  thrungh  and  pressure  is  exerted.  It 
is  certain  that  water  must  be  coustaiuly  circulating  through 
nalural  fissures  in  the  earth  at  all  depths,  and  at  those  <iepths 
where  ihe  tempftratura  ia  high  the  water  will  become  wai-ni- 

In  limestone  districts,  where  the  rcHirk^  Lhongh  ahsorhent,  is 
naturallv  much  broken,  and  where  the  matenal  is  readilj  acted 
on  aDd  dissolved  Ijy  T\"ater.  there  nre  usually  caverns  and  open 
spaces.  In  these,  also,  water  CL-llecls.  and  through  or  amongst 
them  it  passes,  dissolving  the  limtstone  at  cue  place  and  de- 
positing it  in  others,  aceurding  ms  the  i-ourse  of  the  water  is 
rapid  and  the  absence  of  air  tomplete,  or  the  course  slow  and 
evaporation  cousiderable. 

WfltcT  that  rises  from  the  interior  of  the  earth,  or  that  hsf; 
pa8?ied  through  the  earth  is  not  tliemically  pure.  In  one  sense, 
indeed,  no  water  is  pare;  fur  even  the  ruin,  hafure  it  has 
reached  the  earth,  has  absorbed  mineral  matter  from  the  atmo- 
sphere. But  the  water  of  sprinifs  not  nnfrequeiitly  eonUtina 
gases,  mineral  sidt?,  acids,  bitumen,  and  even  orgnnic  matter, 
ia  quactity  gnfliciently  large  to  produce  a  maiked  influence 
on  the  animal  economy,  lii  this  respect,  however,  there  is 
ffreat  diiTereuce.  Thus,  the  walei's  of  Kens  (near  IMontlu^on, 
in  the  middle  of  France),  whose  temperatQre  is  1S5°  F.,  ex- 
hibit, on  analysis,  an  extremely  minute  percentage  of  saline 
matter,  and  a  very  little  organic  mattt^r.  The  waters  of  Schlan- 
genbfld,  near  Wiesbaden,  contain  even  loss  than  thia,  though 
they  have  a  high  reputation  for  Hoaitary  purposes.  The  Wild- 
bad  spring,  near  Stuttgard,  coubiins  only  about  twenty-tliree 
graius  of  solid!  matter  per  imperial  gallon.  On  the  other 
hand,  there  are  wntei's  that  contain  upwards  of  eisteeu  ounces 
of  salts  of  various  Itinds  in  the  gfillou. 

Mineral  springs  ■very  frequently  emerge  in  the  neighhotir- 
hood  of  volcftuoes,  and  there  is  uo  kuoivii  volcanic  region  in  which 
they  are  not  found.  They  also  occur  near  the  points  where 
granite  and  other  metamorphic  rock  comes  to  the  surface,  and 
wherever  lines  of  fault  and  hssure  open  a  passage  fram  con- 
idderable  depths  to  the  stiiface.     The  cekbrated  springs  of 
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Carlsbad  originate  along  a  line  of  contuct  of  tiiro  granites  of 
diS^J'eiit  geologiL-al  age.  Other  spring?  nriie  from  the  conta&t 
of  alate  with  granite ;  and,  generaOy,  the  contact  of  two  dis- 
similar miiierfllt;  or  rocks,  imptiLle  of  excitlug  chemiLal  action, 
is  marked  hy  phenomena  of  thiti  kind. 

It  ia  not  always  within  small  areas  or  along  lines  of  fault  or 
dislocation  only  a  few  miles  in  Jen^h  tinat  mineral  sprioga 
issue.  Hiiraboldt  haa  indicated,  in  South  America,  a  line  of 
nearly  five  hundred  miles  along  which  sucih  phenomena  occur. 
A  comiLlerabie:  distrit-^t  in  central  France  t-^niains  mineral 
springs  ia  vast  number.  In  most  of  the  printiipal  mountain: 
chains  of  the  world,  something  of  the  same  kind  can  he  traced ; 
and  indeed  there  can  be  no  doubt  that  some  relation  may  ge- 
nerally be  traced  between  tlie  points  at  which  mineral  sjirings 
issue  and  well-marked  geological  phenomena,  noloidy  volcanic, 
but  diaruptive,  independent  of  the  vicinity  of  Tolcamies.  There 
are  few  countries,  however,  in  which  mineral  or  therraal  spring 
have  not  been  met  with,  and  theJr  recorded  number  is  very 
large,  though  by  no  toeiins  jnuludijig  all  that  might  fairly 
cJaim  the  title.  As  many  aa  8114  have  been  described  in 
France,  and  about  400  in  Rpain,  while  the  number  in  Ger* 
many  and  Switzerland,  though  not  est'mated  with  such  pre- 
cision, must  be  muth  larger. 

The  quantity  of  water  issuicg  from  springs  varies,  as  might 
he  9uppo3ed.  to  an  almost  indefinite  extent.  It  is  in  many 
cases  very  difficult,  if  not  impossible,  to  gauge  them  with  ac- 
curacy. The  waters  at  Carlsbad  are  estimated  to  yield  at  least 
a  quarter  of  a  million  gallons  per  day ;  and  several  hot  springs 
deacrihed  by  Humboldt,  ia  South  Amerit'a,  pass  away  almgst 
at  once  through  regular  channels  as  large  rivers.  In  Switzer- 
land, the  spring  of  St,  Laurent,  at  Leak,  yields  980,000  gallons 
per  day.     In  the  Pyrenees,  the  springs  of  Cauterets  yield 

L nearly  90,000  gallons  per  diem,  and  those  of  Olotte  nearly 
400,000.  On  the  banks  of  a  small  stryura  Id  the  Sute  i>f 
Aritansaa,  North  America,  m  mnny  as  gisty  springs  appear  in 
a  distance  of  a  quarter  of  a  mile,  with  a  temperature  varritig 
from  12&0  to  1600  F.,  anJ  a  total  volume  of  300.000  gaUous 
per  day  Cold  springs  rise  immediately  adjacent. 
In  central  France,  where  thermal  springs  are  very  abundant, 
there  ia  one  (Bourbon  TAniliambault)  that  yieldss  half  a  million 
of  gallons  per  day,  and  the  combined  yield  of  all  the  springs  of 
the  district^  whose  number  ia  upward:^  of  five  hundred,  is  cer- 
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tftinly  not  less  than  3|  tnillioa  galloDS  per  day,  and  is  probably 
ranch  greater. 

J  t  is  to  be  remembered  that  in  all  these  cases  the  actual 
quantity  of  water  lifted  from  the  depths  of  the  earth  towards 
the  surfa^'e,  most  vei'y  greiitly  exceed  the  quajitity  meH.>5ured 
aud  Tuniiing  over  the  surface.  A  great  deial  of  tbe  water 
|teTCok^es  the  beds  through  which  the  column  rises.  This 
is  especially  the  case  wliere  tlio  epriugs  ribe  at  the  contact  of 
granites  with  stratified  njcka  of  open  texture,  such  aa  i-alcareous 
nicks  and  travertins  into  wliich  wattir  passes  very  readily. 
Numerous  instances  of  the  dissipation  of  strong  sprino^  are  lo 
be  found  at  Vichy,  Glermonr,  and  in  other  placea  in  the  centre 
fif  France  Other  instances  iire  Itnowa  of  powerful  springs 
dot  reuuhiDg  the  surface,  autl  only  known  when  tapped  during 
mining  operations.  A  remairkable  case  of  this  kind  oc-curred 
in  Oomwall  some  years  ago. 

The  temperature  of  mineral  springs  varies  from  some 
degrees  faelow  the  mean  temperature  of  the  place  where  they 
issue  to  many  degrees  ahove  the  boiling  point  of  water.  Very 
lar^o  springs  are  often  warm,  though  by  no  means  always 
among  the  hottest,  The  hottest  known  ai'e  directly  connected 
with  volcanoes,  as  in  Ireland,  but  many  whoso  temperature  is 
upwards  of  130"  F.  octur  in  positioDs  altogether  removedt 
not  only  from  volcanic  agency,  but  from  any  highly  metamor- 
phoaed  rocks. 

Besides  the  boiling  springs  of  Iceland  that  of  Trincheras. 
near  Puerto -Cabello  in  Venezuela,  South  America,  aHbrds  one 
esample.  and  those  of  Arigino,  in  Japan,  another,  The  latter 
exceed  912°  F.,  and  rise  in  steam. 

In  the  Pyrenees  the  highest  temperature  is  about  140*'  F, 
In  CcDtral  France  the  Cliaudes  aigues  Springs  attain  a  tempe- 
rature of  180"  F.f  but  the  others  are  much  below.  The  great 
majority  of  thermal  springs  are  below  100^  p.,  but  it  is  pro- 
bable tliat  lliis  is  due  partly,  if  not  entirely,  to  the  nature  and 
temperature  of  the  rocks  through  which  tbe  water  rises  and 
the  difficulties  it  has  to  encounter  before  reaching  the  surface. 
The  mineral  springs  in  Eufijland  are  sufficiently  remarkable 
and  numerous.  Among  them,  those  at  Bath  and  Buxton  are 
hot,  the  fonner  rising  with  a  temperature  of  l\5^  F.,  the 
latter  of  82°  F. 

ilineral  waters  may  be  expected  to  contain  all  thoaa  sub- 
Btouces  which  water  in  its  passage  through  Uie  earth  can  find 
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and  dissolve.  The  tendency  of  minute  analysia  is  to  show 
that  water  is  a  universal  solvent,  and  altbounb  the  presence 
of  ono  group  of  laiuer&le  may  prevent  the  water  from  taking 
up  soaie  others,  we  msy  still  expect  b  great  T&riety  in  those 
which  have  risen  from  great  depths,  or  traversed  lang  lines  of 
fitrata.  M'^ater  is  a  solvent  at  all  knfuvn  tempemturea.  Cold 
water  is  someUmes  a  more  jTowerful  solvent  tlian  hot,  but, 
peneraHj,  with  in<?reai;ed  temperature,  bo  far  as  it  is  attained 
in  the  interior*  of  the  earth,  and  according  to  the  length  of  time 
during  which  it  may  have  mofed  through  mineral  veins  or 
other  crevicea,  the  number  as  wel)  as  the  variety  of  the  con- 
tents will  increase.  Still  the  number  of  substances  geneTaily 
found  in  minet^  Springs  in  irapoftflut  quantilieg  is  very 
limited.  A  small  numbef  of  adda  and  an  equally  small  num- 
ber of  bases  reciprocally  gjituiating  one  another  completea  the 
list.  When  the  saturation  is  incomplete  it  is  always  the  acid 
that  is  in  exeeas. 

The  follDning  are  the  acids  mo3t  generally  met  wtb  : — car- 
bonic, Sulphuric;,  hydro-chloric,  hydro-bromlc,  hydriudic,  nitric, 
phosphoric,  boracic  and  arseniuus.  The  following  are  the 
bases  : — soda,  potasi^a  (rarely),  lime,  magnesia,  litbia,  the 
oxides  of  rubidium  aud  cpasium,  oxides  of  iron  and  manganese. 
Besides  these,  are  osygen,  nitrogen,  ailica,  alumina,  and  cer- 
tain nitrogenised  subgtanees.  The  tendency  of  discovery  ig  to 
increase  this  list,  and  also  to  increase  the  number  of  elements 
belonging  to  any  particular  spring,  and  the  use  of  epectral 
analysis,  introduced  only  within  a  very  ahort  period,  has 
already  done  much  to  improve  the  state  of  chemical  knowledge 
in  this  matter.  One  of  the  first  resalta  of  spectral  analysis 
was  the  diacovery  of  a  new  metal,  cssiura,  in  mineral  wat*ps. 
It  may  he  supposed,  and  is  the  case,  that  of  these  elements 
the  quantity  present  in  the  quantity  of  water  experimeDted 
on  is  often  so  small  that  only  a  trace  ia  indicrtte^l,  but  such 
traces  become  iriiportaut  in  estimating  the  effects  of  the  water 
either  on  mineral  veins,  strata,  or  the  organised  beings  that 
come  under  its  influence.  Besides  the  mineral  acids  organic 
Hcids  are  occasionally  detected.  In  the  waters  of  the  Sprudel 
Spring  at  Carlsbad,  the  water  i&  said  to  contain  about 
4fi3  grains  jier  gallon  of  solid  matter,  and  to  include  the  fol- 
lowing list  of  snibstances.  Sulphate  of  potash  (nearly  0'2  grains) 
arsenic,  iodine,  bromium,  antimony,  gold^  copper,  chromium, 
manganese,  zinc^  cobalt,  Tiickel,  titaniimi,  barytea,  strantian, 
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lithium,  fluorine,  selenmm,  phosphoric  acid  and  boracic  adil, 
Ueaideg  these  inorganic  boJiea  afe  traces  of  resinoug  subgtancea 
and  organic  ackl:?,  ahionig  which  crenjc  and  apocreuic  a<;!d  h^ve 
been  detected,  and,  probably,  formic,  ambrit:,  and  benaoio 
acids.  Thig,  at  least,  is  the  result  of  analysis  bj  M.  Gottl. 
We  are  Dot  aware  whether  it  has  been,  confirmed  by  any  cheoiiBl; 
of  Europeau  fame. 

The  quantity  of  solid  matter  removed  from  the  interior  of 
the  earth  to  or  towards  the  snrfaee,  by  the  various  mineml 
springs  throughout  the  world,  is  very  much  larger  than  would 
Bt  fir&t  be  Buppoeed,  The  quautitj  of  carbonate  of  lime  thus 
displaced  and  replaced  is  exceedingly  great,  and  Ifii^e  deposits 
of  it,  occupying  thousands  of  square  miles  and  of  great  thick- 
Deas,  due  entirely  to  this  cauae,  are  iiot  uuknovra.  Sites  is 
ftlso  deposited  very  largely  oear  hot  springs,  especially  in  Ice- 
laud.  It  hag  been  calculated  that  the  Carhbad  waters  bring 
to  the  surface  annually  a  quantity  of  sulphate  of  soda,  that 
would  yield  15,000  tons  of  the  crystallised  mineral.  In  the 
estinot  vokariic  district  in  the  centre  of  France,  Tyhich  occu- 
pies tut  a  small  apace,  but  where  thiS  number  of  spnngg  Is 
very  lai'ge,  the  cai-boo  contained  in  the  carbonic  acid  gas 
emitted  during  a  year,  from  the  water  that  rises  to  the  surface, 
cannot  be  estimated  at  li;ss  than  305  tous,  while  the  quantity 
of  solid  matter,  if  the  water  were  evaporated,  would  exceed 
10,000  tons  in  the  same  time.  It  rauut  be  remembered  that 
these  watera  are  not  at  all  remarkable  for  the  quantity  of  solid 
salts  held  in  solution,  the  average  being  asaumed  ae  about  350 
grains  to  the  gallon. 

A  consideration  of  the  substances  held  it*  BolntioD  or  suspeti- 
sioti  by  water,  as  it  emeiges  from  the  earth,  is  v^ey  esseutiaJ 
to  a  right  unders  tan  [ling  of  the  part  that  mineral  springs  play 
in  forming  and  modifying  the  earth's  eruat.  It  will  be  well  to 
explain,  briefly,  the  mode  in  which  they  appear,  and  their  re- 
lative importance. 

Of  the  gftaes,  osygen,  hydrogen,  nitrogen  and  ammonia,  are 
ati  present  either  in  a  free  etate  or  in  combination.  Owing, 
no  doabt,  to  the  facility  with  which  they|  combine  with  other 
elements,  oxygen  and  hydrogen  have  not  been  detected  alone. 
Kitrogen,  on  the  other  hand,  is  very  common  ;  especially  m 
waters  containing  sulphur.  Such  waters  almost  always  con- 
tain OTgiinio  matter.  Nearly  the  whole  (3'-i  to  S7  per  cent.) 
of  the  guses  evolved  from  the  springs  at  Ais-la-ChapeUe,  and 
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about  the  same  per-centage  of  the  Wildbad  Spring  (Wurtem- 
liurg)  cunsiBta  of  niti'ogeu.  Nq  doubt  much,  if  not  all,  of  thia 
is  derived  frota,  the  atraosphesric  ait  oaiTied  down  with  the 
water,  but  socae  tnay  alga  be  due  tn  organic  tnalter  jireseiit  in 
tlie  minerals  that  tbe  vaterbas  traversed.  Of  the  eompounda 
of  nitn^gea,  ammouia  is  found  in  tbe  waters  of  Flombieres. 
Its  oiigm  is  by  no  means  clettr.  It  enlists  nith  iodine  and 
bromium,  in  the  waters  of  Coese,  in  Savoy,  It  has  been  re- 
marked that  ammonia  \s  not  present  i»  VRter  issuing  from 
granite.*  Tmcea  of  nitrons  acid  have  been  found  iu  some 
Bprings,  as  at  GieSBeOj  where  this  product  forms  "H  per  cent  of 
the  binuxide  of  mangsn&se,  cO'HtaJned  in  the  waters. 

Sulphur  ia  one  of  the  substances  widely  diffused  in  mineral 
waters*  and  present  in  tolerably  large  quantities.  Pure  sul- 
phur is  occasionally,  though  rarely,  deposited  from  Bulphuroas 
vapours  in  an  efflorescent  atate^  in  the  neigbbonrbood  of  vot 
canoea,  both  recent  and  extinct.  L&rge  quantities  of  native 
suSphur  are  deposited  in  beda  of  gypsuffli  in  Sicily^  on  the 
eastern  slope  of  tbe  Apennines,  especially  near  Ilimhii,  in  Corfu, 
in  Savoy,  in  thesouth-i^estof  Spain,  and  in  many  other  places. 
Sulphur  springs  are  commfiH  iu  most  of  these  localities.  In- 
crustfltions  of  sulphur  are  found  on  the  vauhs  of  the  old  hatha 
at  the  Bagiieres  de  Lucbon,  in  places  where  the  water  itself 
never  reached.  A  milky  appearance,  or  a  black  stain,  are  not 
uncommon  marks  of  tbe  presence  of  sulphur  in  mineral  waters. 
Silica  is  found  with  Bulpbur  in  Iceland  and  elsewhere,  but  sul- 
phate of  hrae  (gypsum)  is  exceedingly  common  wherever  sul- 
phur esjf^ts  in  any  quantity,  either  now  in  muieral  watera,  or 
formerly,  where  &uch  waters  have  passed.  Sulphuretted 
hydrogen  is  frequently  set  free  from  mineral  springs,  and 
appears  in  bubbles,  which  ri&e  through  the  water,  often  coated 
with  bitumen.  Sulphuric  acid  ia  also  not  uucomrnon,  especially 
near  volcanoes.  Very  large  quantities  exist  in  the  water  issuing 
from  some  springs  in  central  America,  described  by  Hum- 
boldt Upwards  of  7  A  millions  of  gallons  of  water,  derived 
from  the  upper  part  of  the  volcano  of  Purace,  come  down  every 
day,  in  a  stream  called  the  Rh  Vinagre,  and  this  daily  run  of 
water  is  calculated  to  contain  40  tons  of  sulphuric  acid,  and 
upwards  of  30  tons  of  hydrochloric  acid.|  Many  other  instances 
arc  recorded. 


•  CorapteB-rendus  Ae  riostitut,  t.  42.j  p*  1369. 
t  Id«II^  t,  &i^  p,  396. 
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Fluorine  has  not  beeu  found  free  in  mberftl  waters,  but 
It  is  present  combined  with  calcium,  though  in  very  arnaU 
quantitteii.  Phosphorus  is  also  found  in  combination  onlj, 
but  il  is  very  much  mora  corainon.  At  Aix  la  Chapelle,  some 
of  the  springs  cantaiii  phosphate  of  soda  and  lithia,  and 
fluoride  of  calcium.  Arsenic  is  also  T,\idelj  distributed.  It 
has  been  found  in  most  of  the  Auvergne  springs,  in  those  of 
Wurteinberg,  and  elsewhere.  In  these  sprii-gs  the  quantity  is 
Teij  small,  but  in  Africflt  near  the  ancient  Utica^  at  the  spring 
of  Bon-Chater,  there  ia  a  spring  containing  7d  grains  of  solid 
Boatter  per  gallon,  of  which  l-Jj  grains  consist  of  araeniates  of 
potash  and  aoda.  The  temperature  of  the  water  is  104"  F. 
These  waters  are  said  to  be  iuoffensive,  and  to  be  commonly 
used  for  drinking,  both  by  cattle  and  man, 

Boracic  acid  is  a  common  and  abundant  mineral  in  thermal 
spriogs  in  certain  localities  in  Tuscany,  but  it  has  hitherto 
been  ihou^he  rare  in  mitifiral  waters  geueraLlj.  It  baa  been 
detected,  however*  at  Luchon  and  other  Pyreuean  baths,  and 
also  at  Vichy.     It  is,  no  doubt,  widely  distributed. 

Silica  ia  ao  very  widely  distributed  now,  and  appears  to  have 
been  so  universally  preaent  duriag  the  whole  of  the  earth's 
history,  tlmt  we  may  well  look  lor  it  in  mineral  watersj  and  be 
prejjajed  to  find  large  deposits  of  it,  when  such  waters  have 
been  evajiorated.  IJ;  is  chiefly  hot  springs,  in  the  neighbour- 
hood of  volcanoes,  that  are  rich  in  silica.  Very  often  we  Had 
fragmeutg  of  woud,  and  sometimes  whole  beds  of  vegetable  mat- 
ter, siliciHed.  In  the  Azores,  especially  in  the  island  of  St. 
^lichael;  in  the  West  Indies,  in  the  island  of  Antigua;  in 
Eg}'pt,  between  Cairo  and  the  Red  Sea  ;  and  in  some  parts  of 
Au3tralia,  similar  changes  are  well  known.  The  mass  of 
silica  tlius  accumulated  on  the  earth  is  vefy  Urge.  In  Ice- 
land there  ia  a  deposit  two  leagues  in  length,  and  a  quaiter  of  a 
league  wide,  and  in  some  places  a  hundred  feet  high,  composed 
entirely  of  sihca,  derived  from  numerous  boiling  springs  resem- 
bling the  celebrated  Geysers.  In  other  places,  a  coaling  of 
silica,  in  otheiij  siliceous  stalactites,  hme  be^n  described.  The 
silica  is  generally  deposited  in  ihe  gelatinous  state,  bardeulcg 
on  exposure. 

Wb  have  already  alluded  to  the  large  quantity  of  carbon 
occ&siooally  to  be  found  in  mineral  waters,  looked  up  in  car- 
tonic  acid  gas,  and  liberateid  as  the  water  reaches  tho  surface. 
Carbonic  acid  is  indeed  so  common  in  mineral  waters,  aad  oven 
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in  ordinary  aprlag  w^ater,  as  to  be  almost  universaT,  and  it  bns 
been  remarkeil  iliftt  the  more  of  ihis  aciii  ihero  is  liontAined  in 
the  Wilier,  the  gi-eater  is  the  quantity  of  allimJine  liicaibonales. 
The  presence  of  orbotiale  of  lime,  or  limestone,  in  rocks  of 
ail  ages,  and  the  distribution  of  carbonic  aciil  ia  the  stmos- 
phere,  aa  ivell  as  m  aU  rold  spring  wiiier,  and  in  ihe  vi^ter  of 
the  sea,  la  a  proof  that  carbonic  at'idhas  at  all  times  plaved  an 
Important  part  in  the  construction  and  modilicatiQU  of  the 
earth'a  surface. 

Hydro-carbons,  either  in  the  foFm  of  gas,  (carbnrptted  hj- 
drogeti)  or  in  the  form  of  liquid  or  solid  bitumen,  abound  in 
t-crtain  mineral  watei-s,  aud  m  some  places  the  liquid  varieties 
issue  from  the  earth  lilce  water,  in  continuous  streams  of  \ery 
Iftrge  quantity.  These  are  sometimes,  but  not  always^  cod- 
nectetJ  wilh  water.  Certain  wat-era  also  are  \ery  biluminoua, 
Some  of  the  Aurergne  sjirings  are  so;  while,  on  the  other 
hfli]d,somehitura€ns contain  a  marked  percentage  (sometimea 
'JO  per  cent.)  of  water  A  considerable  quantity  of  oxygen 
gas  is  present  iji  these  cases.  Remartftble  instances  of  bita- 
meu  and  infiammaljle  gas,  rising  through  and  nvith  wster,  are 
fieen  at  Baku,  on  the  Caspian,  in  ihe  piteh  lal^e  of  the  island 
Trinidad,  and  in  Zante.  BitirminouB  spriaga  rise  through  the 
sea  on  the  east  coast  of  Zante.  Other  cases  are  known  where  the 
Vapour  of  tlie^e  biiumens,  issuing  from  the  earth,  readily  takes 
tire,  aud  bums  for  a  long  time.  The  bitumen  has  often  im- 
pregnated tlie  sands  and  limestones,  and  otbr  absorbent  rocks, 
to  a  considerable  dis^tance  on  each  side.  At  Paterno,  in  Sicily, 
a  massof  basalt  is  loaded  with  naphtha,  Since  the  year  1854, 
various  places  in  North  America  bare  yielded  enormous  quan- 
tities of  rock-oil,  a  variety  of  pRtroleum  greatly  uaed  for  burning. 
It  issues  in  strong  springs^  generally  reached  by  boring.  The 
oil  often  rises  into  the  air  in  a  jet  like  a  fonntAin,  In  one 
case,  it  wag  thrown  bo  a  height  of  24  feet  above  the  surface, 
drowidng  the  whole  ueighbourhood.  From  a  few  springs  the 
supply  has  amounted  to  upwards  of  a  huudred  millions  gallons 
in  a  year.  Although  not  strictly  connected  with  springs  of 
water  on  the  spot,  these  springs  of  petroleum  belong  to  the 
same  class  of  phenomena,  and  are  properly  noticed  in  this 
place..  Chloride  of  sodium  (common  aalt)  accompanies  such 
springs,  and  the  long  known  phenomena  of  naphtha  and 
petrolpLim  springs,  in  Pale^titie  &nd  northern  Asia,  appear  to 
be  of  the  aanit;  nature. 
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^otash  ani3  its  stiltSt  though  very  widely  tliaeemjiinted  among 
rocks^  are  generally  absent  in  mineral  watersi,  aoila  taking  its 
place.  Though  occasionally  met  with,  potnsh  ts  probably  less 
frequent  than  lilbium  Nitrates  of  potash,  huwdver,  esLi5t  in 
water  in  India,  mid  also  in  Hungary,  on  a  somewhat  lnrgii?r 
Bcftlt.  The  latt&i*  case  is  very  interesting,  bs  it  seems  inipus- 
siUe  to  refer  tlie  po(ash  to  organic  origin,  most  of  tlia  5i>ring9 
issuing  from  a  depth  of  30  feet,  and  the  group  extendiiijiT  over 
a  very  wide  space,  throughout  which  all  the  wella  sunk  yield 
this  ealL  These  springa  also  ha^e  been  known  for  centuriea, 
and  there  is  little  orgamt;  matter  in  ili^ir  vicinity,  Ciililbrnift 
ftlsQ  yielda  potash  in  thermal  spriii*i8. 

Lithium,  long  regarded  &ii  a  rare  substance,  is  now  founcl  by 
the  aid  of  specti-al  auEdysis,  to  exist  in  most  mineral  waters. 
In  some  it  is  extremely  abundant :  and  in  a  hot  spring  issuing 
in  a  mine  in  Gorawall,  the  propordon  is  exceedingly  large. 
Huhidiura  and  Ctesium,  two  new  metals,  have  recently  been 
detected  in  ceiiaia  mineral  watere,  and  Thallium  is  found 
under  conditions  which  render  its  existence  probable  in  A 
eimilar  position. 

We  have  mentioned  that  the  salts  of  soda  are  common  in 
mineral  water.  The  salts  most  coraraonare  chloride  of  sodium^ 
end  carbonate  and  suphate  of  soda.  In  some  hot  spriugs 
Bilica  is  present  in  large  quantities  with  aoila.  Carbonates 
of  soda  ( bicarbonate  and  sesqui  carbonate')  abound  in  many 
Bprfngs,  Thus  (he  waters  of  Vichy,  if  evaporated,  would  yield 
upwards  of  lOfl  tons  of  this  salt  per  annum,  and  other  apringni 
at  an  equal  rate.  Some  springs  contain  the  sulphate  instead 
of  ihe  carbouate.  The  springs  at  Carlsbad  coutain  190  graina 
to  the  gallon,  thoHo  of  Cheltenham  150,  and  those  of  Pulina 
nearly  1,&00  grains  per  gallon.  Deposits  of  sulphate  of  sotln, 
no  doubt  from  miiieral  waters,  aometimes  become  absolute 
rocks,  as  at  Lodora,  on,  the  frontiers  of  Nsivarra  and  Old 
Castile,  and  on  the  aborea  of  some  ctirioua  labes  in  the 
Crimea.  Common  aalt  ia  found  in  small  quantities  in  moat 
mineral  watera.  Some  are  almost  saturated  with  this  mineriil, 
containing  more  than  two  pounds  wei^jht  of  salt  to  the  gallon- 

Next  to  the  salts  of  soda  those  of  lime  ere  the  most  abundant 
in  mineral  waters,  and  of  these  the  carbonates  may  bo  oon- 
eidered  as  universally  present  in  sorao  proportion.  Calcareous 
depoaiia  from  water  are  equally  common,  and  where  miuernl 
waters  contain  much  carbonate  of  Ihne  the  neighbourhood  Ja 
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genorally  more  or  leas  coated  with,  travertin.  Perhaps  in  nfl 
country  are  springs  of  this  kind  more  remarkable  thau  in 
Tuscany,  where  their  number  ia  altogether  incalculable.  In 
On©  place  where  the  water  runs  mton  pond  a  deposit  of  nearly 
30  feet  in  tliicknesa  has  been  formed  within  the  last  twenty 
years,  and  in  small  boxes,  into  which  the  wat^r  ia  allowed  to 
drop  on  intaglios  and  evaporate  slowly,  cameos  are  formed 
by  incrustatiou  in  a  period  of  about  four  months.  The  game 
result  is  obtained  in  Auvergne. 

At  Carlabad  the  calcareous  crust  formed  around  the  issue 
of  the  Sprudel  spring  was,  many  years  ago,  observed  to 
interfere  with  and  greatly  diTainish  the  yield  of  water,  and 
at  length  was  partially  hroken  tlirough  hy  the  water  at  the 
beginning  of  the  !ayt  centuiy.  Under  these  circutristancea 
it  was  thought  advisable  to  pierce  the  whole  in  order  to  in- 
crease  the  yield  from  the  epring,  and  give  a  freer  access  to  the 
water.  It  was  found  after  piercing  one  crust  that  there  ex- 
isted a  large  cavity  full  of  water  under  pressure.  Below  this  was 
another,  and  thia  also  being  pierced,  the  water  iasued  with 
increased  force.  Below  thig  again,  however,  w-as  a  vast 
reaervoirj  and  there  were  no  nieane  of  ascertaining  further  the 
extent  of  the  formation.  The  cmsts  were  from  one  to  two 
feet  thick,  and  not  immediately  below  eacli  other.  The  same 
spring  has  several  outlets  over  a  considerable  area.  In  Algeria, 
fit  a  place  where  are  spring  loaded  with  carbonate  of  lime,  a 
large  area  is  covered  with  conical  hills  from  5  to  13*feet 
high,  formed  round  the  different  outlets  that  the  water  has 
made,  and  numerous  similar  examples  might  be  given. 

Lai!^  deposits  of  sulplmte  of  hme  from  springs  of  mineral 
water  are  common  in  many  parts  of  the  worfd,  and  are  pro- 
bably due  to  the  issue  and  evaporation  of  waters  containing 
thia  mineral.  Gypsum^  sulphur*  rock  salt,  and  carbonate  of 
lime,  are  very  often  associated  together.  FJuate  of  lime^ 
though  in  email  quantities,  ia  common  in  certain  localities, 
though  much  laag  abundant  than  tha  Bulphate.  The  Vichy 
■walerB^  among  others,  contain  this  salt.  Phosphate  of  lime  ts 
distributed  in  about  the  same  proportion  as  floftte. 

The  salts  of  magnesia  are  next  in  importance  to  those  of 
lime,  and   are  very  widely  distributed   in   mineral   springs. 
Bicarbonate  is  the  inost  common' — sulphate  is  hardly  less  so. 
Sea  water  contains  from  150  to  500  grains  in  the  gallon 
The  Cheltenham  waters  have  a  Btaall  quantity  (about  IQO, 
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lins),  imd  the  Beidlitz  wat-era,  in  Boliemifi,  an  extreme 
quantity  (•-1,00111  grains  per  gallon).  Some  of  tbe  Bpriogs  at 
PuUna,  also  iu  Boheniia,  are  still  mote  rich  in  this  salt. 

Alumina,  combined  with  gilicaaod  other  elements  in  double 
saltiS.  is  common  in  niost  springs  in  small  quantity. 

Of  the  metals,  fcotb  manganese  and  iron  are  very  commonly 
distributed  in  the  waters  of  mineral  Bpringa.  The  furmer 
metal  is  generally  in  small  quantity,  but  at  Ciylsbad,  at 
Popayan  in  Mexico,  and  in  Algiers,  there  are  waters  more 
than  usually  rich  in  this  element.  Iron  is  found  everywhera. 
All  the  chalybeates — no  numerouB  in  every  part  of  the  worldj 
are  of  this  kind,  The  quantity  is  not  often  largej  though 
qccasioually  it  is  sufficiently  so  to  pToduee  ferrnginoua  deposits 
and  uieruBtationB  in  very  lar^e  quantity.  Biachoif  has  de- 
scribed the  Eifel  springs,  the  waters  of  which  bring  nearly 
two  tons  of  iron  to  the  surface  every  tweoty-fom'  Lours, 
The  iron  in  water  is  generally,  but  not  always,  in  the  state  of 
pero-Tlde. 

Cobalt  aud  nickel  are  said  to  have  been  found  in  miceFal 
waters  at  Boulou  (Central  France).  Oxide  of  tin  i&  said  by 
Jierzeliua  to  have  been  found  by  him  in  some  springs  in 
Bohemia.  Titanic  acid  has  been  recently  detected  in  ihosD 
of  Wildbad-Oastein.  Copper  is  Tery  often  met  witU,  Lead 
is  not  unknown.  Silver  and  gold  are  known  to  be  soluble  in 
water,  and  must  be  present  in  certain  springs.  The  latter 
has  been  detected  by  M.  Laur  in  some  springs  in  Culifornia. 

One  of  the  moat  remarkable  aud  interesting  facts  with, 
regard  to  minieral  and  thermal  springs  is  that  they  exhibit  on. 
js'ia  unraistflkeable  evideuce  of  the  preaenca  of  orgauic 

tter.     The  form  assumed  by  this  organic  matter  is  that  of 

glairy  substance,  not  referrible  with  certainty  either  to  the 
vegetable  or  auimal  kingdom.  It  ia  called  by  cbemiata 
glairine,  baregine^  or  other  names,  and  it  appears  to  differ  in 
different  springs.  So  large  is  the  quantity  that  the  mother 
liquor  from  the  salt  works  at  Bes,  in  Switzerland,  where  there 
are  strong  saline  springs,  has  yielded  enfficient  to  ehow  a 
carhonaceoua  residuum  sifter  calcining.  This  sub«tani."e  is  not 
easily  obtained,  as  it  is  destroyed  by  evaporation,  but  it  can  be 
detected  by  the  microscope.  The  waters  containing  it  are 
soft.  It  is  chicSy  abundant  in  those  waters  that  appear  to 
bftve  least  to  do  with  superficial  drainage,  and  eapecially  in 
bulphurous  spriB^^,     The  development  of  Coniervte  ia  soieh 


I 


in 


PSYSICAL   OEOGIWPHT. 


I 


watei-a  is  so  rapul  that  at  PlomTjieres,  wbere  one  of  the  springs 
ia  pjarticularlj  rich  in  this  aubalante,  it  ia  necessary  to  emplj 
the  large  ewiuamiTig  batb  every  week  in  order  to  cleanse  it 
team  ibe  acctimulflLion.  The  suliataoi^e  is  ajnorphoua,  and  its 
eobar  is  uccuaionally  black,  ted,  or  violet. 

It  bos  been  staieJ  that  witliin  tba  limits  of  human  obser- 
vation the  temperature  of  vratei  coming  from  copsiderable 
depths  through  natural  fissures  is,  in  each  jmnictilar  spring, 
iiivariflble ;  but  there  is  no  doubt  that  cJ^anges  may  oocur,  and 
it  IB  certain  that  hi  some  instances  they  do.  There  are  many 
reasons  for  this,  even  assuming  that  the  temperature  of  the 
earth  below  remains  constant-  In  some  ca^es  the  volume  of 
water  may  be  inereasetl,  and  the  mean  tempet^ture  diminished 
by  the  influx:  of  told  waters  or  melted  snow  from  near  the 
earth's  surface,  ExtremB  and  long  continued  drought  may  at 
another  time  remove  parts  of  a  supply  that  beloii;:^  to  the 
upper  strata  and  allow  the  deeper  waters  to  rise  in  diminished 
volume,  but  increa.sed  temperature.  Accumulations  in  the 
channel  tlirough  which  the  waters  pass,  either  hy  some 
deposit  from  the  water  itself  or  by  the  accumulation  of  foreign 
subatances  brought  in^  may  entirely  alter  the  tircumataneea 
under  which  the  water  comes  to  the  surface,  or  may  stop  it 
altogether  at  the  usual  outlet.  The  brealdng  in  of  the  roofs 
of  cavenis  in  the  interior  of  the  e4irtb,  the  disturbance  of  the 
strata  by  earthquakes,  and  other  causes,  may  also  act  to  pro- 
duce great  changes. 

Instances  are  notwanLing^of  all  the  accidents  and  disturbances 
here  alluded  to.  ThuSt  within  a  period  of  thirty-three  years 
the  springs  of  hns  Triiicheras,  in  Mexico,  described  by  Hum- 
boldt, were  found  by  Boussitigault  to  have  increased  eeverai 
degrees  :ii  temperature.  During  this  period  there  was  a 
great  *;art.hquake  destroying  the  town  of  Caraccaa.  About 
the  time  of  the  great  earthquake  of  Lisbon,  in  1755,  the 
waters  of  Ais,  in  Savoy,  became  colder,  and  deposited  a  bluish 
sediment,  while  those  of  Luchon  increased  in  temperature. 
Some  of  the  springa  in  Central  Franca  were  augmented  iu 
volume  but  diminished  in  temperature. 

In  1S54  there  was  a  succession  of  suiall  vibrations  of  the 
earth  in  the  Pyrenees,  During  this  Lime  at  Gazost  (Bagneres) 
there  was  a  large  quainity  of  organic  matter  emitted,  of  black 
colour  and  loaded  with  sulphuret  of  iroa.  The  suoie  pheno- 
menou  was  ob&erved  at  the  '^Ckssj"  spring  at  Cauterets* 
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where  the  temperature  was  iqfreased.  At  Bareges  ono 
spriug  increased  in  temperature  from  BiJ**  to  f^-i^°  F.,  and 
its  volume  was  more  than  doubled.  Besides  these  instances, 
Teferribie  to  kuOT\a  disturbances,  the  waters  of  ■certain  springs 
at  PloinbiHrea  occasionally  varj  without  apparent  cauad  from 
3°  to  i^^  F,  in  their  temperature. 

Intermittent  9prinf;s  occur  in  many  parts  of  the  world,  and 
under  various  circumstances.  The  intermission  ijiaj  be  more 
or  less  regular,  or  quite  in-egular.  The  fatmet  cases  of 
iutermissiun  arc  generally  due  no  doubt  to  the  existeuce  of 
int^mipttons  of  strata  forming  svphoa  tubes.  The  water 
passing  through  natural  channels  miist  DccasioBally  enter  and 
iiil  open  spaces  in  the  interior,  fortaiog  closed  reservoir.?*  atid 
these  may  huve  outlets  only  by  channok,  nblch,  though  they 
communicate  with  the  lower  part  of  the  cavity  arc  bent  and 
curved  upwarda  before  reaching  a  lower  level,  by  which  ihcir 
contenta  tire  ultimately  discharged.  So  long  as  the  wnier 
draining  in  from  above,  or  through  crevlc@3  in  the  waits,  diiea 
not  i^ach  the  level  of  the  highest  point  of  the  curve  it  ia  not 
delivered  by  this  pjissage  at  all.  When  it  doea,  and  the 
delivery  begrms,  it  is  continued  till  the  cavity  ia  emptied  to 
the  point  where  the  channel  opens  into  it. 

If  there  ia  a  narrow  but  insuiEcient  cbannel  besides  this 
syphon  tube  there  will  be  a  constant  discharge,  which  ia 
ocoasionaliy  very  much  increased,  and  thou  as  suddenly 
diminished.  If  the  reservoir  is  deep  and  the  supply  reached 
it  slowly,  it  may  be  a  year  or  two  before  a  change  in  the 
quantity  entering  from  the  surface,  from  increased  rain-fall, 
produces  aa  impression.  Thus  it  may  be  that  there  ia  no  dis- 
charge or  a  very  small  one  in  a  wet  year,  and  an  abundant 
discharge  during  some  subsequent  very  dry  season.  All  these, 
and  many  other  peeuliaritie^  and  modifications  of  water  supply 
from  spring!?,  are  perfectly  consistent  with  their  origiiml  som^ce. 
They  are  not  the  leas  derived  from  the  rain-fall  of  the  district, 
and  their  channels  are  still  thosii  naturally  exiating  in  the 
rocks  through  which  the  water  passes, 

A  vei'y  curious  instance  of  intermission  is  exhibited  by  one 
of  the  sprinog  at  Kissingen,  in  Havariu.  The  temperature 
of  this  spring  is  generally  Ij4f  F.,  and  the  water  contains 
HlO  grams  of  common  salt,  mr.re  tlian.  1200  grains  of  chloride 
of  magnesium,  and  aa  much  Butplmle  of  sodji,  besides  other 
making  a  total   of   1,501)   grains    to   the   galbu,     it 
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QSUftllj  exhibits  a  peculiar  bubbling  or  efferFesceQce,  bul  aftet 
certain  intervals,  whose  diiratioti  is  Itnown,  the  effervescence 
of  the  waters  becomes  less  considerable,,  and  tbe  jet  diminishes 
till  it  is  almost  altflgetlatr  suppreaaed.  This  lasts  from  17  to 
Ul  minutes.  After  llxis  tirae  ihe  water  once  more  effervescea, 
but  graduany,  and  it  takes  30  or  40  minutes  to  riae  to  its 
previous  height,  lu  the  course  of  sis  yefirs,  duxiug  which 
ihe  phenomena  have  biien  carefully  observed,  the  number  of 
mtermiasiona  was  857  each  year.  Of  the  whole  time  the 
leve!  of  the  water  was  lowered  during  3,521  hours,  and  at  ita 
ordinary  height  5/^80  hours.  The  period  of  repose  averages 
K  hours  3^  minutes,  iu  each  S4  hours^  and  the  quantity  of 
water  iasuing  frum  ilie  spring  in  a  giv^en  time  la  invariable. 

Gflrtfnl  obaervstions  made  at  Vichj"  have  ahowo  that  the 
quantity  of  water  issuing  from  one  of  the  principal  spriiigs 
(^Source  du  Pare)  varies  inversely  fl&  the  quantity  of  carbonic 
acid  gas  in  the  water,  and  this  ia  greater  ox  less,  according  us 
the  pressure  of  the  air  increasea  or  diminishes.  The  iiicreflse 
is  greater  cceteris  paribus  with  north  or  north-east  winds,  and 
the  diminution  greatest  with  southeast,  south,  and  south- 
west winds.  In  the  springs  in  the  Pyreneea  similar  obsena- 
tions  have  been  mitde.  Other  remarkable  cases  of  the  sudden 
increase  of  spi-ings  have  been  recorded  during  violent  storms, 
when  the  barometer  has  fallen  to  an  unusual  extent.  There 
can  be  httle  doubt  that  careful  observations  would  show 
similar  results  generally.  Iu  many  places  where  petroleum 
springs  occur  there  is  a  similar  alteration  of  quantity,  accord- 
ing to  the  state  of  the  weather. 

Changes  in  the  supply  from  springs,  owing  to  the  gradual 
choking  up  of  the  channel,  by  which  the  waters  rise  to  the 
surfacBj  *ire  not  unfrequent.  At  Vichy,  io  the  year  1808,  the 
spring  named  "Grande-Grille"  yielded  S5,00l)  gallons  of 
T^ater  at  a  temperature  of  lOC"  F.  In  1B09  the  quantity 
was  reduced  to  75,000  gallons  at  IQA°.  In  1829  the  yield 
was  only  60,000  gallons,  and  the  temperature  lOOo.  Lastly, 
fi-ODQ  1843  to  1653  the  volume  of  water  was  lowered  from 
aitOOO  to  17,000  gallons,  and  the  temperature  from  9-10  to 
fl3o.  On  tlio  other  baud,  in  tlie  winter  of  1853  a  mass  of 
travertin  (arragonitej  wag  removed  from  the  coarse  of  the 
issuing  waters*  and  the  yield  was  at  ogco  increased  to 
310, OuO  gollona  at  a  temperature  of  lOTo.  A  kind  of  ex- 
dloBiou  Hill  tiometimes  take  place  in  springs  thus  ehoked  u£ 
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if  there  is  no  natural  outlet  in  some  other  direction,  but  this 
is  very  rarely  tbe  case,  and  the  choking  up  of  one  spring  is 
geDerally  only  prelimiimry  to  the  breaking  out  of  Iho  same 
spring  in  some  other  direction^  and  the  formation  of  a  fresh 
cUiposit  of  incTusted  ^alta. 

A  remarkable  change  sometimes  takes  place  in  the  miner^ 
contents  of  springs.  Thus  at  Plombierea  the  gaseous  contents 
of  one  of  the  springs,  carefully  taken,  show  a  difierenoe  at 
different  tim^a  of  from  0  to  1 J  per  cent,  of  carbonic  acid  gas, 
and  froDQ  i^  to  3  per  cent,  of  oxygen.  At  Clermont  a  spring 
vfbicli  oute  deposited  ailica  now  only  yields  hydrous  oside  of 
iron.  Tbe  sulphurovis  ivaters  of  the  Bagneres  de  Lucbon 
change  their  compusition  very  greatly,  acconiing  to  the  state 
of  tlie  Laroaaeier,  the  season  of  the  year,  iLe  prevalence  of 
snow  in  winter,  and  other  causes.  Some  waters  periodically 
deposit  oxidtt  of  iron.  The  spring  of  Saxon,  in  tbe  Valaia, 
(Switzerland)  is  sometimes  rich  m  iodine,  and  aometimes 
hardly  contains  a  trace.  This  appears  to  be  connected  with 
emauaUons  of  certain  gases,  which  bubble  up  through  the 
water  st  intervals. 

Water  thus  circulating  through  the  emlb,  making  its  way 
through  strata,  running  down  into  crevicea  and  fissures  in  owe 
place,  aad  ri:?ing  through  open  channels  to  the  surface  in 
mother  ;■ — varying  in  temperature,  and  varying  greatly  in 
nuinoTal  contents; — cannot  but  produce  great  influence  on  the 
nwka  it  traverses.  That  it  is  chieHy  by  such  means  that 
stetfJa  and  minerals  of  almost  all  kinds.  And  in  aU  conditiuns, 
have  been  deposited  in  mineral  veins,  there  can  hardly  be  a 
doubt,  and  it  ia  equally  certain  that  by  such  means  deposits 
ouce  made  have  often  been  greatly  modilied,  altogether  re- 
movedj  or  replaeed,  atom  by  atom,  by  other  minerals  cr("3- 
tftllising  naturally  in  different  shapes.  Thus  it  ia  that  strata 
have  become  metamorphosed,  and  organic  bodies  preserved 
permanently  by  being  sealed  up  and  converted  into  durable 
stoue.  It  is  by  tbe  agency  of  water  in  its  course  through  the 
earth  that  the  work  of  change  ou  all  accumulations  of  evety 
kind  ]3  rendered  easy  and  effectual.  Water  is,  indeed,  the 
recognised  meana  by  which  the  various  physical  forces,  or 
rather  the  different  forma  of  physical  force,  can  most  readily 
act.  It  is  idways  present — it  makes  its  way  through  every 
rock — it  forms  part  of  every  rock — it  conveya  fresh  material 
to,  and  ^e^lo^'e8  part  of  its  substance  from,  ev^ry  rock  that  it 
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traverses.  Water  perform?  the  same  part  in  ibe  economy  of 
tliB  world  thut  blood  does  in  the  animaJ  frame.  Its  use,  aa 
s^een  on  the  surface,  is  as  nothing  compared  with  its  value  m 
circulating  through  air  and  earth  altogether  out  of  sight. 

In  looking  at  the  origin  of  the  very  large  supplies  of  water 
present  ia  th&  earth,  and  often  emitted  under  peculiar  cir- 
cumstaucea  with  great  force  at  a  very  high  temperature,  some 
ivriters  have  been  led  to  speculate  on  the  possibiUty  of  there 
heing  an  iiidepcudent  source  of  water  m  the  interior  There 
seems  no  need  for  such  an  asaumpliou.  Certainly  tlie  quan- 
tity  of  raiQenteriBgthe  earth,  and  nolimmedifliely  evapomted, 
is  exReedingly  larger  than  that  yielded  by  all  knoMii  springs 
and  that  conveyed  to  the  sea  by  rivers,  and  needs  great  evapo- 
ration, not  only  from  t^ie  vegetiible  soil  but  from  the  surface 
of  rocks  apparently  dry,  to  presefTe  a  balance.  That  such 
balance  esists.  tmil  \s  perfect,  is  certain.  There  is  no  proof 
whatever  that  either  the  relative  level  of  land  iind  sea  or  the 
quantity  of  water  on  the  surLace  has,  throughout  all  geological 
time,  siioflu  auy  variation. 


PART    THE   FOURTH, 
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CHAPTER  Xn. 

THE  ATMOSPHERE. 

The  earth  and  aea  are  uniformly  covered  with  a  great  but 
unknown  thickness  of  gaseous  matter,  which  is  called  the  at- 
rooepliere.  Being  gaseous,  it  consists,  O'f  material  particles 
mot  held  together  hy  the  force  of  cohegion,  but  it  is  not  the 
less  made  up  of  atoms  capable  of  fortniog  solida.  A  hundred 
parts  of  pure  atmospheiric  air,  in  a  dry  state,  contains  93  parts 
by  weight  of  osygen  and  77  parta  nitrogen.  One  hundred 
volumes  of  dry  ear,  under  ordlrmry  coaditiona,  contain,  how- 
ever— 

Nitrogen     .    .     , 79-13  volames. 

Oxygen 30-80 

Carbonic  acid *     .         'Oi 

Carburetted  hydrogen    ,     ,     .     .        "Ol 
Ammonia    ........    Trace. 

The  air  being  elastic  in  a  very  high  degree,  and  retained 
dose  to  the  earth  by  attraction  of  gravitadon,  is  most  dense 
or  heaviest  when  in  coutact  with  the  earth,  and  ^dually  loss 
and  leas  dense  as  it  is  farther  from  theaarface.  At  the  sea  level 
the  average  pressure  of  common  air  equals  that  of  about  30 
inches  of  mercury,  or  34  feet  of  water  (equivalent  to  nearly  15 
pounds  on  every  square  inch  of  surface).  At  the  height  of 
12,000  feet  above  the  sea— an  altitude  surpassed  by  many  of 
the  peaks  of  the  Alps — the  density  is  halved,  or  one  volume 
ia  expanded  into  two.  At  such  elevation^  the  coluoin  of  mer- 
cury in  the  barometer,  whinh  measures  the  atmospheric  pres- 
sure by  balancing  it,  would  therefore  mark  15  inches  insLoad 
of  30  ;  and  the  actual  pressure  of  the  air  on  each  square  inch 
of  the  earth's  surface  is  reduced  to  Tj  pounds.    The  density 
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is  again  halved  at  a  further  elevation  of  the  same  amount 
TbuH,  even  below  many  of  tbe  highest  peaks  of  the  Himalajaa 
auil  the  Andes,  the  barometer  wuuld  stand  at  7|  inches,  and 
the  atmospberic  pressure  would  be  reduced  to  3J  pouods  on 
the  gqtiara  inch.  At  an  aUitude  of  45  miles,  at  this  rate  of 
reduction,  the  air  would  Ecarcely  exhibit  any  sensible  density 
or  pressure;  but  it  does  not  follow,  nor  h  it  probable,  that 
there  ia  no  part  of  the  atjii'Ospbere  aljove  tJiia  elevation-  Oq 
the  coatmry,  there  is  much  to  render  it  hkely  that  au  atmo- 
sphere,—capable  of  acting  on  light,  of  interfering  with  ani 
causing  sensible  friction,  on  foreign  bodies  coming  in  contact 
%viih  it,  and  of  carrying  on  all  the  ordinary  functions  of  atmo- 
spheric air,  though  with  diminished  intensity^ — e.vists  at  a 
distance  of  more  than  a  hundred  miles  above  the  sea  level. 

On  the  other  hand,  were  the  air  inelastic  and  everywhere 
at  the  same  density  as  at  the  aea  level,  its  total  height  would 
not  much  exceed  tive  miles;  and  as  I UO  cubic  inches  of  dry 
air,  at  the  temperature  of  60°  F.,  and  under  the  presaufe  of 
30  inches  of  mercury,  tveigh  30  83  grains,  the  weijjht  of  the 
whole  body  of  pure  dry  air  may  thus  be  calculated.  It  has 
been  estirosted  to  amtmnt  to  4,8j0  miliions  of  millioDg  of  tons- 
Such  is  the  quantity  of  matter,  in  an  invisible  and  intangible 
state,  floating  over  tlie  surface  of  land  and  aea,  and  fitting  the 
earth  for  the  habitation  of  organic  beings,  by  enabling  a  cir- 
culation to  bg  effected  on  which  all  life  on  the  globe  depends. 

Mixed  with  the  dry  air  (not  cheniieftlly  combined)  are  maay 
other  substances.  Among  these,  aqueous  vapour,  or  the  vapoiir 
of  water,  is  the  most  important.  The  proportion  varies  greatly, 
according  to  the  temperature.  Besides  gases,  such  as  cjarbomc 
acid  gas  end  carburieited  hydrogen,  of  which  a  cakulable  pro- 
portion has  been  dttermhied,  and  ammonia,  of  whiL-h  there  is 
always  a  trace,  we  must  also  admit  the  presence  of  sulphuretted 
hydrogen,  sulphurous,  hydrochloric  and  nitric  Eiaids,  the  odori- 
ferous principle  of  plants,  the  principle  or  matter  called  ozone, 
the  miasmata  of  marshes,  and  various  gases  liberated  from  vol- 
canoes. There  is  alao  eome  quantity  of  the  following  bases : — 
potash,  eoda,  lime,  magnesia,  iron,  maLigauese.  These  are 
known,  but  thero  may,,  perhaps,  be  many  others. 

All  the  ordinaiyr  phenomena  of  water  are  affected  by  the 
atmosphere^  partly  owing  to  the  incessant  though  variable 
pressure  of  the  air,  partly  to  the  fact  that  nir  and  water  are 
mutually  capable  of  iibsorbmg  and  retainipg  each  other.   Tbere 
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is  no  nater  that  has  long  been  exposed  LliaL  do$a  uot  contain 
a  certain  quantity  of  air.  There  is  no  air  in  a  muural  state 
that  iloes  not  contain  aqueous  vapour.  But  the  ijuautiuea 
thus  held  vary  estremelj-f  and  tbeir  effect  on  the  oonditious  of 
hfe  on  the  globe  vary  with  every  change. 

The  gases  that  form  atmospheric  air  are  not  chemically 
combined.  They  are  mised  mctilianically,  and  each  prodQces 
an  independent  effect.  And  although  one  gaa  is  often  some- 
what heavier  than  another  or  others  with  which  it  may  happen 
to  be  mi-ted,  there  is  no  tendency  in  ihe  gases  to  separate,  or 
even  to  become  permanently  changed  in  any  way,  as  by  the 
practical  absorption  of  one  at  the  expense  of  the  other  when 
they  are  capable  of  eouibining.  Taken  from  whatever  part  of 
tlie  world,  or  from  whatever  elevation; — brought  from  the 
highest  mountain,  from  the  sea  side,  or  fnnu  the  centre  of 
the  mo3t  tliichly- wooded  glade,  or  obtained  ttatn  tli6  most 
densely- populated  town,— the  general  proportion  of  cxygen 
add  nitrogen  is  very  nearly  the  same.  It  does  not  seem  easy 
to  account  for  Oie  [jerfect  balance  thus  itept  up,  but  of  the  fact 
there  is  no  doubt. 

i3ut  the  pressure  of  the  air,  the  height  and  wbight  of  the 
atmoBpheiic  column,  change  exceedingly.  These  matters  vaiy 
not  only  at  different  elevations,  but  even  on  the  same  level 
imd  at  the  same  time ,  in  places  not  far  apart,  they  may  be  (|uito 
unlike.  At  the  aarae  spot  the  barometric  prea&ure  often  alters 
from  tiay  to  day,  and  even  from  hour  to  hour.  These  oscilla- 
tions ar@  of  two  kinds  i  some  ore  regular  and  seasonal ;  the 
others  &re  Lrre<;uJar,  and  depend  on  changes  going  on  at  a  dia- 
tance.  In  certain  laiitudea  th^  o^cillatiom  are  gmaU,  but 
regular;  in  others  they  are  large.  Where  they  are  smalleat 
and  mo&t  regultir,  the  seasonal  changes  are  best  examined. 
Borne  artt  annual,  some  diuruaL  The  daily  oscillations  attain 
a  ma?;imuiit  twice  daily  (at  about  OJ  A.ai.  and  10^  p.m.),  and 
a  minimum  alao  twice  {at  4  a.m.  and  4  tm.).  Within  the 
tropicB  these  elevations  and  depressions  may  be  observed  very 
readily,  and  are  quite  undisturbed  by  and  independent  of  the 
differences  caused  by  storm  and  by  other  irregular  causes  of 
derangement.  Towards  the  poles  they  cease  to  be  observable, 
And  perhaps  cea^e  to  exist,  or  become  inverted.  The  amount 
-varies,  but  is  generally  greatest  at  the  equator,  where  such 
oscillations  attain  a  range  of  about  one-tenth  of  an  inch. 

The  eeaaantil  osijillationa  are  generally  regular     la  warm 
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climatea,  north  of  the  equator,  the  mean  pressure  diminishea 
gradually  from  winter  to  summer.  On  the  east  coast  of  tLe 
old  world,  from  December  to  June — in  Intlia  and  4t  C*tiro, 
from  January  to  July — the  pressure  diminishes,  though  Terr 
L  little.  In  the  West  Indies,  January  to  August  are  the  months 
'of  minimum.  The  range,  however,  is  only  about  0-03  inches. 
In  the  norih  temperate  zone  there  aY6  two  mmima,  one  near 
each  eqtiinos,  Tbere  are  corresponding  maxima  in  Btimmer 
and  winter,  hut  the  sum  mer  maximma  i$  bwer  than  that  of 
winter. 

The  effect  of  alterations  of  pressure  or  den&ity  of  the  air  is 
greatly  felt  in  reference  to  temperature.  Air,  whea  dry,  allows 
heat  to  pass  through  iE  without  absorbing  more  than  a  veiy 
.amall  proportion.  It  hardly  becomes  warmed  by  the  passage 
of  any  amount  of  heat  rays.  We  have  already  alluded  to  this 
fact  in  a  former  chapter,  and  it  is  one  of  extreme  iiBportance. 
When  heated,  it  expands  bo  rapidly  and  largely  as  to  produce 
immediate  results ;  but  it  is  not  heated  by  radiant  heat.^  It 
ia  heated  by  conduction,  or  contact  with  heated  matter,  by 
friction  of  its  particles  among  each  other,  and  also  by  compres- 
sion. On  the  other  haiid,  it  is  cooled  by  expansion.  These 
fftcts  are  proved  bj  experiment.  Thus,  by  the  sudden  com- 
pression of  air  by  a  piston,  it  is  possible  to  set  tinder  on  fire. 
By  the  sudden  expansion  produced  by  admitting  air  into  an 
exhausted  receiver,  ice  may  be  formed.  Heat  radiates  through 
clear  air  into  apaj^e^  but  it  immediately  ceases  to  radiate  when 
aqueous  Tapour  is  present  in  the  air  in  sufficient  quantity. 

An  important  effect  of  altered  pressure  of  the  air  is  a  change 
of  the  temperature  at  which  water  passes  into  a  state  of  ebul- 
lition. It  is  well  luiown  that  near  the  sea,  and  uuJef  ordinary 
circumstances,  the  thermometer  stands  at  913°  F.,  when  placed 
in  water  that  actually  boils.  It  is,  however,  certain  that  the 
Mime  liquid  would  pass  into  vapour  at  a  very  different  tempe- 
rature in  a  state  of  vacuum,  for  the  degree  of  pressure  on  the 
surface  greatly  affects  the  op^exation.  Thus,  aa  the  pressure 
of  the  air  dioiiiiiahea,  the  heat  at  which  ebullition  takes  place 
also  diujinishes.  But  we  know,  that;  in  ascending  a  motintain 
the  pressure  of  the  atmosphere  diminishes,  and  therefore  also 
the  boiling  point  becomes  lowered.  Professor  Tyndal  relates, 
that  on  the  summit  of  Mont  Blanc  he  found  that  water  boiled 
freely  at  184-9Jio  F.,  being  about  S'°  F.  lower  than  at  the  sea 
level.    The  lowering  of  the  boiling  x>oint  is  at  the  rate  of  V  F. 


THE   ATMOSPHCEE- 


a^5 


for  every  6fiO  feet  of  ascent:  and  elevations  can  be  estiiunted 
approximate]y  Ly  tbis  method. 

The  temperature  of  the  air  diminishes  as  tre  ascend  into 
the  atH]osphiere.  Ihougli  not  wilh  perfect  reguluritj.%  and  it 
becomes  citremely  low  at  great  elevationg.  This  is  due  partly 
10  the  |Gi*eat  expimsioii  of  ibo  air  in  its  upper  part,  and  partly 
to  ihe  dimiuisbetl  power  of  the  air  to  retain  any  larpe  ijuantit)' 
of  t,be  beat  radiating  through  it.  The  aiii  at  gri3at  elevulJous, 
19  also  comparative! 3'  drj',  as  the  atmosphere  of  aqueous  vapour 
appears  lo  reach  only  to  a  very  small  height  in  comparison, 
with  the  whole  atmosphere.  Tins  is  more  especially  the  case 
when  the  aii  is  clear  and  radiation  goes  on  rnpidly  through  it. 
Judging  from  the  pttrtiHl  but  exceed ini^Iy  vaitual>lfl  esipeiimeots 
made  by  Mr  Glaisher  in  balluouK,  the  dimiEiutlon  of  tempera- 
ture in  our  latitudes  may  generally  be  regarded  as  dimini.ihihfT 
according  to  a  definite  law.  Thus,  the  depresaion  is  1-^"  F. 
for  the  first  thoasand  feet,  but  only  B^*^  F.  between  the  first 
and  eeeoud  thoufiaud,  and  atill  less  for  greater  h*ighis.  From 
X4,000  to  15,00(1  feet  the  diminutiiin  amounts  only  to  iil'*, 
and  from  28,000  to  Sfl.OOO,  it  has  become  reduced  to  (i-8°  F. 
There  are,  however,  occasional  strata  much  warmer,  and  others 
cooler,  than  strictly  belong  to  the  elevation. 

The  relations  of  the  air  la  light  are  not  less  remartable  or  in  te- 
rgiitiug  than  those  that  refer  to  temperature  and  pressure.  Air 
transmits  a  very  large  proportion  of  the  solar  ra^'s  tlmt  fall  upon 
it  under  favourable  circumstances,  but  it  always  absorbs  or  in- 
tercepts some.  Thus,  of  )  [),0O(}  rays  of  light  entering  the  at- 
mt^phere,  it  appears  that  upwards  of  8,0  DD  arrive  at  a  given 
point,  if  tbey  (all  perpendiiiularly  through  ckiur  air.  If  the 
augle  he  50  tho  number  is  about  7,000,  while  it  is  less  than 
3^000  if  the  augle  baas  small  aa  7^,  Lastly,  it  is  estimated  that, 
only  five  rays  out  of  the  ten  thousand  make  their  way  to  the 
earth  thrifUj^h  a  horizontal  stratum  of  air.  It  is  familiar  to 
pverj'  one  tliat  the  face  of  the  rising  or  setting  ami  can  he 
eadily  looked  at  by  tlie  naked  eye,  whereas  its  noon-day  elijl- 
^eace  would  immediately  produce  blindness.  In  the  case  ol 
^ reflected  and  diBtant  light,  a  large  number  of  rajs  are  always 
reflected  and  dispersed,  appearing  to  be  absorbed  or  resolved 
into  Eome  other  form  of  motion  in  ]iaijsing  through  the  matter 
that  makes  up  our  atmosphere.  This  is  the  casa  even  under 
^he  moat  favourable  circutastacccs^,  while  cinder  less  favourable 
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conditions  hardly  any  mys  reach  the  surface  j  so  that  such  ob- 
jects are  imperfactly  distinguished  or  Dot  Been  at  all. 

But  the  rays  that  do  not  fall  vei  ticallj  are  not  ouly  absorhed 
to  a  hirgei'  extent  ttit  they  are  l«nt  aside  in  their  course. 
This  betiding  is  called  rsfmctioti.  It  is  greater  in  praportion 
to  the  density  of  tbe  trausparent  material  throurfh  which  the 
hght  passes ;  and  thui^^  in  the  aiso  of  atmoBpheinc  air^  whose 
density  is  comataTitly  and  regularly  inereasiiig  from  the  outer- 
moat  and  thinnest  film  of  tlie  atmoBphere  to  the  earth,  thfl 
ray  of  light  is  beat  in  a  cufte,  so  that  the  direction  of  a  ray  at 
any  part  of  its  progress  appears  to  be  that  of  a  tangent  at  that 
point  to  its  actual  course.  Lastly,  all  rays  of  white  light  en- 
tering the  air  being  made  up  of  coloured  rays  in  certain  pro- 
portion, which  are  differently  affected  by  the  air  through  which 
they  pass,  the  light  that  reaches  the  earth  ia  more  or  lesa 
tinted  with  colour,  atvcording  to  the  quantity  of  air  passed 
through  aud  the  quantity  of  vapour  in  the  air. 

The  course  of  a  ray  of  light  in  its  progress  to  the  earth  may 
be  thus  briefly  described  : — 

The  ray  failing  on  the  uppenuoat  limits  of  the  atmosphere 
meeta  there  an  elastic,  transparent  gaa,  in  a  state  of  extreme 
tenuity.  On  first  emerging  fc-om  tlie  luminjferous  ether  into 
this  more  dense  mediumj  a  smtUl  part  ia  r^fleiit^d  back  into 
apace,  and  a  part  is  dispersed  and  absorbed,  but  tbe  rest,  as  it 
enters,  is  somewhat  hent  aside  from  its  course.  As  it  proceeds 
onwards  the  medium  becomes  constantly  mere  dense,  and  the 
my  becomes  more  deflected,  while  reflection,  dispersion*  and 
absorption  continually  take  place.  The  light  that^  in  the  ab- 
sence of  the  atmosphere,  would  have  arrived  in  a  straight  line 
from  the  sun,  leaving  all  surrounding  space  dark,  is  dispersed 
ihroogli  the  suiTounding  medium,  which  13  more  or  less  illu- 
minated. Of  the  portion  reaching  the  earth,  part  is  absorbed, 
and  the  rest  lights  up  the  solid  surface.  This  latter  part  being 
reflected  by  the  various  substances  on  which  it  impinges^  either 
passes  back  into  space  or  is  ■converted  into  some  other  form  of  mo- 
tion. The  pai'tial  illumination  of  tbe  very  young  moon  is  pro- 
duced byliglitthns  reflected  from  the  earth.  This  deseription 
is  applicable,  whether  we  regard  the  ray  of  light  as  material  or 
as  a  group  of  undulations  in  an  ether  pervaduig  all  space. 

In  couiscquencB  of  the  partial  dispersion  of  light  by  means 
of  the  atmosphere,  we  obtaia  all  those  vaiietiea  of  half-shade 
which  enable  us  to  mfilte  use  of  organs  of  visiou  constructed 
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as  are  our  eyes.  TVere  it  not  for  this,  we  ebould  constantly 
have  either  full  Iroad  and  dazzling  light,  or  deep  black  shadow 
and  im penetrable  darkueas.  The  objects  in  nature  actually 
emitting  Ught  are  feir,  atid  wiili  tbe  exception  of  the  Bdn  they 
are  only  available  at  intervals,  except  by  ertifidni  means ;  so 
that  in  those  parts  of  the  world  iii  whicb,  from  their  position, 
the  3un  is  long  dbsent  in  the  winter  season,  or  uhere  clouds 
obscure  its  face  for  a  large  part  of  certain  seasons,  tbe  inhabi- 
tants would  have  to  exiat  in  total  darkness  It  is  in  conse- 
quence of  tbe  quantity  of  light  that  is  dispersed  and  reHected 
inthin  the  atmosphere  itself  from  the  molecules  of  air,  or  from 
the  particles  of  aqueous  vapour  always  present  in  the  aJmo- 
spliere,  that  there  cannot  be  found  at  any  hour  of  the  longeat 
night,  or  at  any  season,  a  total  absence  of  light.  Owing  to 
the  same  cause  there  are  no  sndden  transitions  from  darkness 
to  light  or  from  light  to  darkness,  sut:h  as  if  tbey  occurred, 
would  be  injiintjus  to  our  organs  of  siglit. 

The  ordinary  phenomena  of  twilight  will  illustrate  this  fact. 
It  is  in  ihe  parts  of  the  earth  where  the  nights  are  longest, 
and  where  the  darkness  of  winter  would  be  uninterrupted  by 
a  singlo  ray  of  light  from  the  sun,  that  the  light  is  continuec. 
in  tnilight  fur  the  longest,  time  after  the  sun  baa  B«taud  before 
it  has  risen. 

During  a  Sne,  clear,  calm  winter's  day,  in  high  latitudes,  as 
the  ami  approaches  the  horizon  the  sky  becomes  yellow  ami  red, 
while  at  the  zenith,  or  just  overhead,  it  is  whitish  and  less 
clear  than  during  the  day.  A  warm  red  tint  often  prevails, 
and  may  be  observed  loag  after  the  sun  has  disappeared,  ftnd 
glorioua  but  fleeting  colours  may  be  watched  as  the  clouds 
form  in  layera  or  masses,  apparently  following  the  sun'f^ 
course.  For  hours  after  the  body  of  the  &un  ia  below  the 
borizon  the  light  of  the  sun,  shiniqg  on  the  higher  portion  of 
the  atmosphere^  is  refracted  or  reflected,  and  oontinnea  to  give 
aome  light  to  the  regions  where  direct  sunlight  has  ceastd. 
This  twilight,  as  it  is  calledf  i3  repeated  in  the  morning ;  and 
thus  much  of  the  earth  becomes  habitable  that  would  othenvise 
be  titterly  unadapte*!  for  the  development  of  lifo.  Other  par- 
tial illuminations  of  the  sky  in  high  latitudes  are  obtained ; 
but  the  chief  source  of  the  light  in  those  parts  of  tbe  earth 
must  certaiidy  be  the  refraction,  the  reflection,  and  tho  disper- 
flion  of  the  rays  of  the  sun  as  tbey  enter  and  advance  through 
the  atmosphere.     In  the  tropics  there  is  hai'dly  any  twilight* 
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darkness  almost  iraiuediatelj  suuceediug  mid  preceding  Ml 
gunlighl.  Tlie  lang  iiighta  of  wiDtef  within  tlie  umili  \toia,T 
circle  are  illuminated  Ly  fiJrtKjat  incessfttit  auroHE,  and  tlils  b 
rIsd  probably  the  ease  witbiii  tlie  Antarctic  regiotis.  The 
zodiuful  light  is  RDother  source  of  illumination.  The  subject 
of  the  twilight,  and  also  tluit  of  the  magnetic  storms,  of  which 
the  aurora  is  an  iudicauoo,  is  one  of  considerable  interest,  as 
leading  to  a  knowledge  of  tke  final  limit  of  the  earths  ainio- 
ephere. 

The  twilight  by  reflection  is  limited  to  the  position  of  the 
BUTii  which  ceases  to  give  light  to  the  vapours  cad  other  sub- 
stances in  the  air  when  mare  than  \li°  below  the  hnriztm. 
The  more  obliqnelj  he  descends,  however,  the  longer  ho  will 
take  to  rearh  this  position;  and  thus,  in  high  latitudes,  there 
is  at  all  seasons  a  longer  twilight  than  within  the  tx"opic3, 
^ihere  the  snn'&  patti  ia  almost  vertically  through  the  zenith 
«t  noon,  and  it  appears  to  describe  a  great  circle. 

The  ordinnij  phenomena  of  refraction  as  exhibited  in  the 
atmosphere,  are  greatly  affected  by  the  quantity  and  distribti- 
lion  of  the  aqueous  vapour.  Under  certain  circun^tances, 
and  in  certain  conditions  of  tbe  air  in  tbis  respect^  vgyj  curioua 
instances  of  complicated  refraction  and  reflection  take  place. 
Optieal  iUasions  are  ihus  produceJ,  some  of  which  are  difficult 
of  explanation.  The  word  mirage  has  been  applied  to  these 
phenomena  by  the  I'rench,  and  there  is  no  exact,  syiionym  in 
our  langUBge. 

The  illusions  of  mirane  differ  according  to  circumstanceB. 
They  are  most  remarkable  where,  either  from  heat  or  cold, 
{generally  in  tlie  vicinity  of  water),  distinct  strata  of  aqueous 
vapour  at'e  formed  iu  the  atmosphere,  or  where  Tariatioua  of 
temperature  4nd,  therefore,  of  density  are  extreme.  Thus  on 
the  coasts  of  Italy  aiid  sometimes  in  England,  in  the  wild 
mountains  of  Scotland  and  in  the  Hartz,  in  the  burning  tleBcrt 
uf  Afiica  and  in  the  frozen  seas  of  the  poles,  these  phenomena 
have  been  recognised.  They  are  sometimes  exceedingly 
strange  and  even  startling  in  their  character,  preaentinsf  an 
image  of  what  really  exists,  but  13  entirely  out  of  the  range  of 
ordinary  viaion.  Sometimes,  also,  they  exLibit  parts  of  objects 
broken,  distorted,  and  out  of  place  ;  sometimes  they  confuse, 
in  a  singular  manner,  the  true  outlines  of  objects.  Occasion- 
ally they  present  a  gorgeous  and  fairy-like  spectacle — superb 
paiuces,  with  their  balconies  and  ^vindows  resting  on  the  bosom 
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of  the  broaJ  ocean ;  lofty  towera  near  them,  herds  and  floclia 
graziug  in  wooded  valltj's  ftnd  fortili?  ply.in^,  armiea  of  men  or 
smgle  ligiirea  on  horse-back,  or  on  loot ;  multiplied  fragmenta 
of  buildings,  Mliimng^  pilasters  and  arches;  sliipa  and  churches, 
all  mingled  in  wild  ooiifusion,  or  shown  in  clear  outline  aa 
inoviu'T  shadows,  or  fringed  with  reii,  yellow,  or  blue  light. 
The  Futa  Morgana-,  seen  in  the  Stmitsof  MessiaH,  the  Spectre 
of  the  Brocken,  and  a  number  of  otlier  local  names  have  been 
given  to  JDstauces  of  mirage.  Singular  elfects  of  refraction 
tlirougli  b&ated  air  are  seen  sometimes  in  tha  neighbourhood 
of  volcanoes,  ■whence  hot  vnpom's  aie  rising  continnallj. 

There  appear  to  be  three  distinct  causes  of  this  curious  phe 
uomunoti — vertii'al  reflection,  horizontal  roHection,  and  that 
variety  of  refaction  whicli  may  he  adled  suspension*  inasiniKh 
as  ic  appears  to  lift  oat  of  their  places  the  objects  exhibited 
its  means. 

The  most  simple  cause,  that  of  reilectioo.  often  produces 
its  effects  in  hot  sandy  deserts,  after  the  soil  baa  hecomo 
lieaf.ed  by  the  sua-  Iq  such  cades  the  prospect  aeenia  bounded 
by  a  sheet  of  water,  aud  underneath  eaucli  object,  sueh  as  a 
TJUnge  or  a  clump  of  trees  on  a  small  eminfiiice.  a  reliction  is 
geen  as  if  from  water.  A  singular  effect  of  this  kind  is  de- 
scribed by  Captain  MannJiiy.  as  seen  In  India.  "  A  deep, 
precipilona  valley  below,  at  the  bottom  of  \vbieli  I  had  seen 
one  or  two  migemble  vilhtj^es  in  die  mominfj;,  bore  in  the 
evening  a  complete  reactablaijcs  to  a  beanlifnl  lake,  The 
vapour  which  played  the  part  of  water  ascended  nearly  half 
\my  up  the  sides  of  the  vale,  and  on  its  bright  surfaee  trees 
and  rocks  were  distinctly  reilected.'' 

In  horizontal  reHectionn  the  image  is  moved  as  it  were 
Bideways.  In  this  manner  Dover  Castle  has  been,  seen  com- 
plete from  near  Ilams;;ate,  aUliough  there  is  betwigen  ihe  two 
places  a  hill  which^  under  ordinary  viyioa,  intervenes,  and  cute 
off  part  of  ic.  Thus,  too,  the  French  coast,  with  its  cliffs  and 
villflgsB,  had  beeu  bqh3ii  from  Hastiogs,  although  the  distance 
is  sufficiently  great  to  render  it  impossible  to  come  within 
ordiuaiy  vision.  A  person  standing  on  a  cliff  facing  the  sea, 
■with  no  other  cliff  in  si^ht,  has  seen  the  clifT  on  wliiijli  he  wb3 
standing,  together  with  his  owu  figure  and  that  of  various 
I  objeclB  by  hi^  side,  reflected  aa  if  from  a  mirror.  This  has 
^^klieen  noticed  at  Brighton,  at  sun-rise,  in  the  month  of  Novcm- 
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in  beiglit.  In  the  rnontli  of  August,  again,  about  Q  p.xr.,  a 
young  lady  ou  &  hill  in  Wales  saw,  on  one  oeeasion,  li€r  otto. 
image  retketed  from  a  wet  spot  ft  few  yards  from  hor,  on 
whkh  a,  thin  miat  was  rising.  The  image  reflected  was  suffi- 
ciently distmct  to  show  colour,  and  was  seen  by  ot^iers  eeated 
in  a  cairiage  at  a  llttie  distance  as  well  as  by  the  lady  hereelf, 

The  phenomena  of  suspeu&ion  are  evesi  more  rRrnarkable. 
Tlie  simplest  example  is  what  is  tailed  "  looming', '^'  very  often 
been  nt  sen.  The  image  in  this  case  is  unnaturally  large,  and 
seen  immediately  above  its  true  place.  This  happens  in  the 
case  of  sea  fog.  and  is  Tery  deceptive*  as  a  rock  raaj  assume' 
the  flppeamnce  of  a  lofty  cliff.  Often  it  is  inTerted.  Captain 
Scorealy  describes  that  he,  on  one  occasion,  distin^^tly  recog- 
nised his  father's  ship  at  sea,  by  its  iaverted  image  in  the 
air,  aUhouyb  the  distance  between  the  two  ships  was  as  much 
as  thirty  miles,  and  the  ship  was,  therefore,  far  below  the 
horizon  of  the  place  from  which  it  was  observed. 

All  these  appaaranees  and  a  multitude  of  others,  modifica- 
tions of  them,  that  have  been  observed  and  described,  depend 
on  tlie  existence  of  different  strata  in  the  lower  part  of  the  at- 
mosphere, and  this  diifereDce  msiy  be  occasioned  either  by  h«at 
or  aqueous  vapour.  The  &ir  may  be  warmed  by  the  heat  re- 
ceived from  a  plain  or  mountainside,  either  from  the  sea  or  the 
land,  and  the  heating  may  take  place  in  such  a  way  as  to  produce 
either  verlicat  columns  or  horizontal  strata  of  vapour.  Thus 
mirage  Eiay  occur  in  very  different  situations,  in  any  part  of 
the  world,  and  with  the  most  varied  appearances.  It  is,  also, 
evident  that  any  cause  which  re-tBtablishes  the  equilibrium  of 
density  in  the  diflerent  portions  of  the  atraosphere  must  causa 
the  illusions  of  mirage  to  vanish.  Calm  is  essential  to  lbs 
phenomenon,  but  this  calm  may  be  the  immediate  precurBor 
of  a  tempest,  Thus,  under  some  circumstances,  mirage  itself 
comes  to  be  regarded  as  symptomatic  of  change  in  tlie  weather. 

The  colour  of  the  atmosphere  depex^ds  on  the  qaantity  of 
(iique!>u9  vapour  tofitaiaed  in  it  in  proportion  to  the  tempera- 
tuie.  Near  the  eartli  the  shy  in  clear  weather  is  blue,  tendiu'' 
to  shades  of  grey  on  the  one  hand  and  the  deepest  indigo  on 
the  otlier,  The  true  cauae  of  the  azure  colour,  eo  character- 
istic in  certain  countries,  ie  probabJy  due  to  the  colour  of  the 
water  contained  in  it.  It  would  seem  from  experiment  thai 
pure  water,  aqueous  vapour  and  ice,  all  absorb  the  same  clasa 
of  reys,  and  thus  the  colour  of  all  is  alike.     The  air  dee[>eus 
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in  tint  at  great  elevfltinns,  ami  becnmes  nlmogt  jet  black,  or 
colourles^s,  at  llie  tops  of  higb  mountains  or  :ii  the  upper  re- 
gions of  tbe  atmoapliere  reachpil  daring  balloon  asceuts. 

The  breakJug  up  of  the  m^vs  of  white  light  into  coloured  rays 
is  an  optioflil  phf=!iionjeiian  Rlreacly  expUineil,  and  it  does  not 
belong  to  our  present,  aubject.  It  is,  however,  necessary  to 
allude  to  it  iu  rcfereiiee  to  ceilain  atmospheric  appearances  of 
considerable  iutereRt.  The  cnloura  of  the  cloails  and  the  aky, 
the  occasional  rainbow,  the  halo  that  often  SQrrounda  the 
mooD,  [parhelia  or  fnlse  suns — all  these  are  dependant  on  ihe 
breaking  up  of  the  light  that  i^omes  from  the  smi  by  the  par- 
ticles of  water  contained  in  the  air.  Of  all  theso  the  rainbow 
i$  the  most  brilliant  and  remarkable.  It  is  a  portion  of  a 
circle  made  np  of  coacentriii  bauds  of  coloured  light  arranged 
as  in  the  snlar  spectrum,  the  lower  or  innereiost  liainl  being 
Tiolet.  This  bow  is  visible  ouly  when  the  sun  or  moon  is 
shining,  and  when  rain  is  at  the  same  lime  falling,  the  speu- 
tator  being  placed  with  his  back  to  the  lurainarj,  and  otserving 
the  falling  Tain,  Outside  the  principal  bow  a  second,  socoe- 
what  fainter  and  wkk  ioveried  colours,  is  Bonietimes  seen. 
Much  more  rai'cly  a  third  bow  may  be  distinguished,  yet 
fainter,  and  with  the  colours  in  the  same  order  as  the  ftrsL 

The  cause  of  the  rainbow  is  as  follows ; — 'A  ray  of  sunlight 
fiotering  a  drop  of  water  as  it  is  falling  towords  the  earth  is 
refracted  as  it  enters^  reflected  from  the  hiside  of  each  drop 
opposite  the  point  at  which  it  enters  and  again  refracted  on 
emergence.  By  these  refractions  and  reflection  the  ray  is 
broken  up,  and  only  a  part  or  one  colour  will  reach  the  eye  of 
the  spectator.  The  eame  being  the  t^ft-se  with  other  drops  tba 
eye  Tvill  see  only  s  band  of  coloured  light,  having  an  apparent 
breadth  almut  equal  to  four  and  a  half  times  the  sun's  apparent 
diameter  in  the  case  of  the  inner  bow,  and  an  outer  band 
about  half  as  large  again.*  Rainbows  are  sometimes  seOP  in 
waterfaOs,  and  even  iu  founlaina,  where  the  spray  produced  by 
the  fall  flcts  the  part  of  the  drops  of  rain. 

The  atmosphere  allows  the  rays  or  ■wiives  producing  light  to 
pass  freely  tiimugb,  and  interferes  but  little  with  their  pro- 
gress, hut  its  own  component  flt<ims  are  subject  tn  waves  or 
Tihradons  propagated  through  it  much  mort;  slowly,  and  re- 
cognised by  our  sense  of  hearing.     All  sound  is  the  result  of 

•  TUesB  pjwportioTig  and  the  matkematicfll  proofs  of  the  pbenoinena 
'th0  ruinbov?  will  be  Ibuad  ia  opiical  workii 
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such  fiLrstwns  of  psvrdeles  of  air.  The  motion  consists,  not 
in  tbe  sbifung  of  the  atoms  bodily  la  space  in  the  direction  of 
the  advancing  sound,  hut  in  producing  oscillations  backwai^ds 
and  forwai'ds,  owing  to  the  free  coadition  of  the  atoms  and  the 
ready  tmnaTnisaion  of  motion  from  one  to  another.  All  sound 
ia  connected  with  and  communicated  byTibvation,  and,  indeed, 
i-ongists  of  it,  but  ivater  and  solid  matter  also  transmit  sound 
readilv,  some  objecta  even  more  rapidly  tlian  air.  Tbe  traD$- 
raission  of  Bound  is,  however,  checked  and  inteiTupted  in  pass- 
ing from  one  medium  to  another,  and  it  is  only  through  the 
atmoBphere  that  it  is  conveniently  conveyed.  From  the 
nature  of  the  case  Bound  cfinnot  travel  through  a  vacuum. 

The  velocity  of  sound  through  the  air  is  uniform  and  quite 
independent  of  its  loudness,  but  whatever  increases  the  cloa- 
ticity  of  the  air,  accelerates  the  rate  of  vibration.  Thus  sound 
travels  faster  in  warm  weather  than  cold.  At  the  temperature 
iif  Q-l^  F.,  the  speed  15  1,143  feet  per  Berand,  while  at  the 
freezing  point  [M^  F.)  the  rate  is  reduced  to  1,0  Sft  feet  in 
the  srtnie  time.  It  is  an  interestinfr  fact,  and  a  curious  iUua- 
iration  of  tbe  identity  of  beat  i;vith  motion,  tlmt  the  rate  of 
upeed  <i  sound  is  faster  in  practice  than  irould  appear  flfom 
the  calculated  fortnnla,  unless  the  formula  be  corrected  by 
rdlowing  for  the  increaised  rate  of  progress,  in  t-onseqoence  of 
the  heat,  rosulting  from  the  compression  of  the  air  during  tho 
transmission  of  the  wave.  The  actual  raLe  at  wliich  sound 
travels  is  thus  about  one-sixth  greater  than  it  would  hive  been 
if  the  temperature  bad  remained  unaltered,  during  tlie  uom- 
pression  of  the  atmosphere,  produced  by  the  advancing  wuve. 

The  atmosphere  is  absolutely  essential  to  tbe  various  forms 
of  life  that  exist  on  tl^e  globe,  fio  that  not  even  the  aiinpleat 
form  of  animal  or  vegetable  organisation  oonld  perform  its 
funetiong,  but  for  tliis  all  pervading  medium.  The  pbunomena 
of  physical  life  may  almost  be  asid  to  consist  of  chemical 
changes,  induced  by  the  combiuation  of  tlia  oxygen  of  iha 
atmosphere  with  carbon  deriv^ed  iti  some  way  from  the  earth. 
K^en  in  such  animals  ai^  the  medusa,  a  jelly-fish  growing  oc- 
casionally to  an  enormous  size,  and  weighing  many  pounds, 
but  not  eontJiining  more  than  a  few  grains  of  any  obiamable 
solid,  the  reliition  of  the  material  panicles  and  the  history  of 
hfe  seems  still  the  stime.  In  them,  as  in  the  lichen  on  the 
rock, — in  the  tree,  as  in  man,  the  actual  and  essential  pheno- 
mena of  life  are  the  same.     By  the  oxygen  of  the  atmu&phere 
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combiuing  with  carbon,  life,  as  well  as  heat,  is  evolved.  By 
help  of  air,  the  marine  animal  and  the  (irjuntic  plant,  aa  ivell 
as  ihe  quadruped  and  the  tree,  are  enabled  to  live,  and  perform 
all  those  vniious  funt-tiuns  that  bekuig  to  them.  The  atmos- 
phflre  is,  in  this  respect,  an  essential  featare  in  the  constitution 
of  our  globe,  and  however  we"  may  speeulats  on  the  possibility 
of  the  existence  of  sentient  and  intelligetit  beings  m  other 
pl&uets,  we  cannot  form  a  notion  of  what  that  materiiil  life  may 
bsj  which  is  independent  of  air. 

Tltere  are  many  very  curious  resulta  of  atmoBplieric  action 
on  light,  besides  its  dispei-sion  and  refraction,  Pofaristithn  is 
oae  of  these,  and  must  be  briefly  referred  to  her©  as  bf  ing  not 
without  iinportance  in  the  economy  of  nature,  altboiioh  it 
Wonga  but  to  a  small  extent  to  Physical  Geography.  \V1ieu 
a  beam  of  light  is  admitted  into  a  dark  room  through  a  cir- 
t.'ukr  aperture,  and  reflected  from  a  mirror,  it  might  be  sup- 
posed that  the  reflection  ^ould  take  place  in  the  same  way, 
and  with  the  same  intensity,  above  or  below,  to  the  right  band 
ur  to  the  left,  according  to  the  p'"»sition  of  the  reflector,  and 
that  the  beam  of  light  would  be  uiial  tevcd.  This  is  not  exactly 
the  case,  for  if  it.  be  reflected  at  n  certain  angle,  vaniag  with 
the  nature  of  the  reflecLing  surface,  it  will  acquire  fresh 
properties,  as  if  it  became  rather  like  s  flat  ml^r  than  a 
cylindrical  beam  of  which  the  section  is  a  circle.  Re- 
fraction, alone,  wilder  some  circnmstances,  will  V>nng  about  a 
like  result,  Thu3,  when  double  refraction  takes  place,  as 
through  a.  transparent  plate  of  Iceland  spar,  of  the  two  beams 
that  emergt',  one  iy  tha**  altered,  but  the  other  is  not.  The 
former  is  said  to  be  polarised,  and  a  multitude  of  curious  effects 
follow,  whicli  we  have  here  nothing  to  do  with.  Light,  re- 
flected from  glass,  at  an  angle  of  56**,  or  from  water  at  5^^"  15', 
becomes  polarisedj  and  auch  rays  of  poUrised  liyht  will  not 
pas9  throQj^h  certain  siibatauces  which  are  quite  tranaparent  to 
ordinary  light,  so  that  the  nature  of  these  rays  is  considerably 
modified,  and  their  properties  are  chanped. 

The  polarising  aiigleof  air  is  a  little  above  45***  Thus,  those 
rays  from  the  sun  that  impinge  on  the  air  at  this  imgle,  art? 
altered  and  flattened,  while  the  others  remain  as  before.  Near 
the  sun's  place,  and  opposite  to  the  sun,  the  polarisation  is  at 
a  minimum,,  and  in  tjv«ry  part  of  a  great  circle  flO**  from  th« 
HUP.  it  should  be  at  a  maximum.  The  light,  therefore,  that 
passes  throu|;h  a  certain  pjirt  of  the  atmosphere,  and  reaches 
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the  earth,  is  bU  more  or  less  pylai-ised,  and  the  result  is  not 
without  importaiiL'.!?  in  reiany  ways.  Those  parts  of  tlie  sky 
where  the  polariBation  ia  not  produced,  are  called  neutral 
points.  There  are  several  such  points,  hut  one  only  is  impor- 
tant. They  do  not  exactly  coiucide  with  the  anti-solar  pointa, 
(the  posilione  they  wouid  theoretically  aaaume)  in  consequeace 
of  tlie  effect  of  refraction.  The  moal  important  of  them  is  SS" 
to  y*)"  above  tlie  anti-solar  point.  Another  is  ES^"  above  the 
anti-solar  point. 

Without  enteriag  into  any  technical  esplanatioa  of  these 
curious  conditions  of  tlie  atmosphere  in  its  actiou  on  light,  it 
must  be  evident  that  they  cannot  exist  without  exercising 
much  influence  ou  the  nature  of  the  rays  that  reach  the  lower 
part  of  the  air,  and  aro  reflected  back  from  the  earth.  It  is 
not  easy  to  acquire  a  due  notion  of  the  value  of  changes  of  this 
kind,  fur  we  can  hardly  ev^n  gu^ss  at  the  extent  to  which  they 
act,  in  reference  to  life  in  all  its  forms,  We  can  only  allude 
to  them,  and  puitit  out  to  the  reader  that  there  is  atill  abun- 
dant room  for  discovery  ami  speculation  in  this,  as  in  so  many 
departments  of  phvsieal  science. 

The  conditions  of  the  upper  part  of  the  attqoaphere  have  been 
made  known  of  lata  years  v.ilh  great  accuracy  m  the  latitudes 
of  Eoglajid,  by  ascents  effected  in  balloons,  Jthfis  been  found 
possible  to  reach,  in  this  way,  a  height  of  more  tlian  six  miles 
above  the  earth  (more  than  the  highest  peak  of  the  Himalayans), 
and  this  being  effected  in  &  country  far  removed  from  lofty 
mountains,  the  results  posses^;  great  value,  at  leiist  so  far  as  the 
condition,  over  a  district  bo  exceptional  as  Etiglaud,  can  be  re- 
garded as  normal-  The  temperature,  at  the  highest  elevation 
reached,  was — '37'*  C,  ( — IfH^  t\)  and  the  pressure  of  the  air 
enormously  reduced.  The  temperature  was  found  to  diminiab, 
at  first,  nt  the  rate  of  ]"  C.  (1.8*  F.)  for  ei'ery  60  yards  of 
ascent,  but  gradually  the  space  required  to  lower  the  ther- 
mometer one  degree  became  increased,  till  it  reached,  at 
length,  fiOO  yards.  A  law  of  diminution  may  perhaps,  hera- 
after,  be  discovered  to  range  further  into  space,  but  it  is,  at 
any  rate,  certain  that  a  great  absence  of  heat  must  charac- 
terise the  iuter- planetary  spaces. 

A  great  and  ioiportaut  change  was  also  observed,  during 
these  balloon  ascents,  m  the  appearance  of  the  prismatic  spec- 
trum in  the  upper  part  of  the  atmosphere.  By  taeana  of  the 
spectroscopej,  an  instrument  sjwcially  contrived  for  that  pur- 
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pose,  the  number  of  dark  lines  in  the  spectrum  was  found  to 
be  much  greater  at  high  elevations  than  near  the  earth's  sur- 
face, the  number  of  lines  increasing  to  such  an  extent  that 
they  could  not  be  counted.  It  ^ould  seem  that  these  lines,  or 
dark  spaces,  must  be  much  more  clearly  marked,  and  there  < 
fore  more  indicative  of  the  origin  of  light,  in  the  absence  of 
'  the  atmosphere,  than  their  appearance  in  the  interrupted  state 
in  irfaich  the  rajs  reach  the  earth  would  lead  us  to  suppose. 


CHAPTER  XIII. 
WINDS  AND  STOKMS. 


Livijuj  AB  -we  do  at  the  bottom  of  an  aerial  ocefui,  whkh,  if  im- 
imixed  with  aqueous  vapour,  would  lie  about  equally  tranaparetit 
►  heat  and  liirlit,  our  atmospherev  it  may  be  thought,  should 
'  lie  little  affected  by  the  direct  action  of  the  sun's  rays  as  tbey 
pass  through  it  oa  their  way  to  the  earth  aud  water  at  tlie 
bottom  of  this  great  espause.  But  it  is  owing  to  the  trans- 
parency to  bent,  or  diathermic  condition  of  dry  air,  that  the 
ordinary  motions  of  the  air — the  winds  and  storms — are  de- 
rived. Wherever  the  rays  fall,  whether  the  surlaL-e  be  land 
or  Tsater,  some  portion  of  Hght  and  heat  is  interfiepte*!.  Thfi 
proportion  is  different,  according  to  the  onglo  at  which  the 
v&ys,  fall  Slid  the  nature  of  the  snrface ;  but  some  warming 
effect  must  follow.  If  the  rays  fall  vertically,  or  nearly  50.  a 
Iflarge  portion  enters  and  produces  heat.  If  they  strike  at  a 
great  angle  the  larger  proportion  will  be  reflected.  If  the 
inateriftl  be  solid  earth,  it  absorbs  heat  rapidly  and  largely. 
If  water  or  ice,  it  produces  lees  effect.  Tims,  the  greateet 
effect  will  be  produced  on  land,  oEd  mthin  the  tropics — the 
smallest  on  the  ocean  and  near  the  poles.  Within  tlie  tem- 
perate zones  the  heat  received  is  very  seusible,  but  towards 
the  poles  it  ig  only  iu  summer,  wlien  the  sun  coutinuea  to 
shine  fur  several  hours  together,  that  the  temperature  is  high, 
while  durinj^  the  long  mgiits  of  winter  the  earth  is  never 
warmed  at  all ;  and  thus  the  differeut  parts  of  the  land  on  tho 
eirth's  Burfnce  are  very  differently  heated,  But  the  air,  in 
contact  with  heated  earth,  soon  acquires  some  of  the  heat 
and  becomes  expanded.  Jn  that  case,  it  rises  at  once  to  the 
higher  and  lighter  part  of  the  atmosphere,  while  heavier  air 
presB^a  in  to  take  its  place.     And  thu^  both  vertical  and  hoti- 


WIKD3,  537 

Zantal  currenta  are  excited.  The  water  of  the  ocenn  also 
becomes  lieated,  especially"  in  warm  cliinates,  and  tbis  wann 
wBter  is  driveu  across  tlie  uceau  by  marine  currents.  It  is 
ihua  always  in  ciftiiilniioii,  atid  Loth  land  and  wat^si"  afe  con- 
Blantly  affecting  tbe  air  over  tlie  whule  surface  of  the  emtli- 
Tlie  air  itself  is  kept  in  iiicessiinc  mution,  aiid  long  continued 
caliDS,  or  districts  whertj  ibere  is  no  motion  in  the  lower  part 
of  the  BJr  for  a.  \ob'^  time  tojL;ether,  are  laical  and  e?:ceptioQaI. 
Wlien  they  do  occur,  they  are  not  unfreqaeutly  prei-ursotg  of 
some  great  fitorm,  or  accompanied  by  violent  difiturbatioes  at 
some  distant  point. 

An  incessant  circulation  of  the  fttmosphere  is  liept  up  by 
ibe  action  of  the  sun  upon  the  voTih.  lit  a  general  way  tl'iis 
may  be  described  aa  a  hot  cari'e?nt  rising  from  the  equatoi'ial 
regions,  moving  towards  the  north  and  south  polea  in  tbe 
higher  part  of  the  atmosphere,  and  returning  as  a  cold  current  _ 
from  the  poles  towards  the  equator.  If  the  earth  were  motion- 
Igsa  and  the  sarface  heated  I'egiilnrly,  theae  two  currepta  would 
ran  directly  north  and  south;  but  the  earth,  as  n@  know, 
rotates  on  ite  axis  from  west  to  east  once  in  twenty-four  hours : 
and  tlius  tbe  air  at  the  equator  moves  with  the  earth  at  the 
rate  of  about  a  thousand  milea  per  hour. 

A  cHTrenl  of  hot  air  rising  from  the  etjuator  and  moving 
towards  the  north  pole,  to  till  up  the  vacuum  caused  by  the 
lebing  in  of  the  colder  aiid  heavier  wind  coming  from  the 
-h,  hus  a  double  motive  force.  It  begins  aa  a  south  wind, 
moving  towaril  the  jjoSe,  but  it  also  moves  with  the  earth  ;  and 
ae  each  purticle  of  ihe  earth's  surface  at  the  equatoi'  hiovcb  at 
the  rate  of  a  tbonaaud  milea  per  hour,  so  each  part  of  the 
atmosphere  has  tbe  aame  motion.  But  as  this  current  advaniies 
ilorthwarda,  moving  laterally  at  the  rate  just  mentioned,  it 
reaches  at  each  instant  parts  of  tlie  earth's  surface  moving 
less  rapidly.  This  is  evident^  since  every  pohit  at  the  earth's 
surface,  from  the  equator  to  the  pole,  revolves  in  SI  hours,  but 
ihe  circle  of  revolution  pTfldually  diminishes  from  jJ4,00(i  milea 
at  the  equator  to  zero  at  th«  poles.  The  result  is,  that  tbe 
current  of  air  in  tnotiori  will  move  in  a  8pii"al  directed  to  the 
east,  and  be  in  every  part  a  south-west  wind  rather  than  a, 
Gouth  wind.  So,  the  whid  coming  from  tbe  north  pole  towjird 
I  the  Oijuator  as  a  north  wind,  wiU  tind  the  earth  as  it  advances 
L  moving  more  and  more  rapidly  to  the  eaat^  and  will  appear  ta 
^^b  &  north-east  wind.    It  ia  evident,  that  what  Ufts  Vi^tq  liae.^ 
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said  Qf  the  wiuda  Llo^ving  on  the  nortli  aide  of  the  equator, 
equally  applicable  to  those  on  the  south  side.     In  the 
case,  the  upper  curreut  will  be  a  iiorth-west  and  the 
current  a  aouth-eaat  wind.     It  is  tlie  lower  curreut  which 
iahflbitantsof  the  surface  of  the  earth  have  chisily  to  cousii 
for  it  liQfi  acqmred  a  sufficient  height  in  temperate  latitudes  to 
overtop  all  but  the  highest  mountains. 

We  are  made  aware  of  the  presence  of  the  upper  ctlrMDl, 
however,  in  various  yt&ys,  iudepeadently  of  theorj.  It  has 
ftfiqueutij'  (ATried  the  light  jiowdery  scoj-iffi,  or  "  dust '*  of  toI- 
canQ&s  to  a  distance  of  more  than  a  thousand  miles,  in  & 
direction  opposite  to  tliat  of  permanent  under  currents.  In 
some  cases,  large  and  heavy  fragments  of  erupted  rock  haT8 
beau  drifted  while  passing  through  the  air;^  and  have  fallen  ftt  9 
great  distance  from  their  atarthig  point.  Upper  currente  Are 
also  rei'ognised  by  Uie  movements  of  clouds,  which  are  often 
seen  to  cross  the  direction  of  th&  lower  strata  of  the  atmosphere. 
Lastly,  ballooa  aaceaia  have  yielded  abundant  proof  of  tht 
presence  of  air  currents  at  various  elevations,  quite  Ladep^Ddcnt 
of  each  other,  haying  very  ditf'.Tent  temji«rature,  and  tfloiruis 
with  apparent  steadiness  in  some  fixed  direction. 

The  stream  of  air  which  rises  high  within  the  tropica,  and 
there  commences  its  course  towards  the  poles,  gradually  be- 
comes chilled  and  lieavier,  and  descends  lower  and  lower  as  it 
advances^  At  the  Peak  of  Teneriffe  the  two  currents  cney 
both  be  felt.  The  lower  current  coming  towards  ihe  equator 
from  the  pole  UoAva  steadily  on  the  saa,  and  for  some  dis- 
tance up  the  mountain  ;  but  near  the  top  the  upper  and  con- 
trary current  is  strongly  felt.  It  lias  already  descended  thus 
far,  and  at  length  it  approaches  the  earth.  The  land  of  Europe 
is  greatly  affected  by  this  current.  Thus  we  feel  ia  our  part, 
of  tlie  world  the  influence  of  the  hot  moist  air,  lifted  up  from 
tbe  Gulf  of  Mexico,  instead  of  receiving  the  hot  dry  winds 
from  Africa,  as  we  ehould  Jo.  were  it  not  for  the  advanced 
position  of  the  wind,  as  already  explained,  The  winds  that 
come  to  us  from  any  direction  have  been  diverted  from  their 
original  course  many  points  of  the  compass  before  they  reach 
our  shores. 

We  have  spolien  of  ike  north-east  and  south-east  winds  pro- 
duced within  a  certain  distance  on  either  side  of  the  equator 
by  iho  combined  action  of  the  sun's  rays  and  tho  earth's  rota- 
tion.    These  winds  are  called  the  trado  idndst  as  being  of 
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tsiae  importance  to  commerce.     They  have  loLg  been  fami- 
to  navigators,  and  are  among  the  most  steady  and  per- 
QGnt  winds  on  the  earth.     They  are,  hnwevGr,  by  no  means 
;  equally  stroug,  nor  can  they  Le  depended  on  towai'ds 
I  limits  of  the  zone  in  which  they  penerallj  blow. 
Beyond!  the  limits  of  the  Imde  winds,  aud  between  them, 
are  regions  of  calms  an<\  uncertain  winds.     The  northern  belt 

iia  in  a  latitude  about  30"  N.,  and  is  called  by  sailors  the  horse 
latilitdL's.     The  harometer  ia  said  to  stand  higher  here  than  at 
a  distance,  either  to  the  north  or  soutii ;  hut  the  belt  is  norrowf 
I  and  changeable.     Eeyoud  it,  to  the  north,  are  the  sauth-weat 

I  passage  winds. 

The  southern  traije-wind  r&gion  is  niach  Urger  than  the 

, northern,  in  the  Atlantic  Oceaii.  In  this  sea  the  south-east 
trades  are  fresher  and  blow  stronger  thiin  the  otheKi,  and  often 
reach  to  the  tenth  or  fifteenth  parallel  of  north  latitude  ; 
whereas  the  northern  trade  wimJ  seldom  gets  south  of  the 
eq^u&tor,  and  usually  ranges  from  9"  to  dU'  N.  latitude.  Ttie 
quantity  of  land  within  these  limits  of  latitude  is  very  large, 
being  fully  one-third  of  tht?  whole  circumference  of  the  earth 
fit  that  point.  The  south-east  trade  winda  blow  over  a  belt 
whose  width  of  Iftnd  is  not  moro  than  oneuinth  part  of  the 
Bftrtb'a  circumference.  This  gi'eat  difference  in  the  qnantity 
of  land  accounts  for  this  difference  in  tbe  force  of  these  wiiids, 
and  also  in  the  quantity  of  aqueoua  vapour  they  M.rry. 

The  trade  winds,  in  certain  localities,  become  greatly  morti- 
fied. Thus,  in  inter-tropical  ladia  north-eaat  winds  prevail 
from  November  to  Miirch,  and  south-west  winds  from  April  to 
Octoher.  During  the  summer,  the  vast  arid  plains  of  central 
AsiRf  Tartarj,  Tbihgi:^  and  Mongolia,  hove  become  heated,  and 
the  winds  are  turned  aside  and  converted  during  summer  and 
early  autumn  into  the  soutb-uest  monsoons.  During  the  rest 
of  the  year  they  are  cooled  rapidly  by  radiation.  The  mon- 
doona,  Uierefore,  are  due  entirely  to  local  causea. 

The  currents  of  air  once  established ,  the  Hi:>uth-west  monsoon 
comes  in  from  the  Indian  Oi^ean  and  the  Sea  of  Arabia,  loaded 
with  moisture,  and  meeting  the  Gliauts  (a  coast-range  of  India 
surrounding  a  large  part  of  the  peninsula)  its  winds  precipi- 
tate so  much  rain  as  to  make  particnlar  localities  in  this  dis- 
trict the  wettest  known  spots  on  the  eartb.  As  much  as  from 
twelve  to  fifteen  laches  of  rain  sometimes  fall  in  one  day  on 
the  westei'u  slopes  of  these  hiUs.    The  whole  of  the  west  coaet 
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of  Indk  s  thus  subject  to  periodical  tubb.     I><e|MiTed  of  pirt 

of  ibdr  moisture,  these  wiods  coudDoe  tbeir  emne  to  U)( 

■j^  mouaiaiQi  &s  modstaelj  dry  intids ;  bat  in  cctsaQg 

I  noge  ibev  b*conie  expose^  to  SQ  low  %  U-mperatoic,  vnd 

:  lifted  into  regions  wttenr  the  pressure  is  so  mocb  reduced, 

Ltlu^  tliev  >iie}K/iiit  much  fiiioir,  and  become  very  mocb  diier. 

then  pass  on  over  the  gr^t  plains.  coiLtaiiiing  so  little 

nodetiife  B&  mtelj  to  fonn  a  cloud.     Tbej  once  more  became 

aed,  and  ascend  to  the  upper  ftlr  to  form  MHUtter-currents 

I  those  whose  course  has  been  ah-eadv  tnced. 

The  moDSODDS  differ  frcim  the  trade  winds  in  being  penodica] 

^and  not  perennia].     Tbej  occur,  not  only  in  the  Indiaa  Ocean, 

but  &]so  in  the  seas  between  Australia  and  China,  and  are 

always  owing  to  the  same  cause.     Similar  periodical  vinda. 

alec  caited  monsoons,  occur  on  the  coast  of  Mexico,  blowing 

[Jiorth-westwards  along  the  coast  from  May  to  December,  acd 

OBlh-eaetwwds  from   December  to  Mnrcb,     Otbcre,  sgwin. 

"  occur  on  the  Brazilifln  coast. 

The  moBEOons  occupy  the  place  of  the  trades  as  regular 
winds  in  those  portions  of  the  CK:ean  where  they  oocor. 
Betweeu  ihe  southern  trades  and  this  tract  of  sea  there  atp 
oceadon&l  calms,  tut  these  are  often  internipTed  by  winds 
which,  when  the  snn  is  in  the  northern  hemisphere,  generally 
blow  from  some  point  between  i50uth-west  and  nortli-weat, 
and  during  the  rest  of  the  year  from  souLh-eaBt  to  north-east. 
These  are  sometimes  called  the  north-west  and  north-east 
moDsooDd ;  but  they  are  not  monsoons  in  the  usnal  sense  of 
the  word,  as  these  periodical  winds  occur  only  north  of  the 
region  in  questiou. 

The  nofili-east  monsoon  extends  a  little  south  of  the 
equator.  It  beMnnes  regular  near  the  coasts  of  Africa,  sooOM 
than  in  the  middle  of  the  ocean,  and  near  the  equator  sooner 
than  off  the  shores  of  Arabia.  It  is  most  reguliu:  and  powerful 
in  the  month  of  January  in  the  northernmost  angle  of  the 
ludlait  (Icean.  It  is  not  accompiinied  by  raiu  on  the  Indian 
coast,  like  the  soaih-weKt  monsoon,  but  alter  blowing  over  a 
large  exteiit  of  warm  sea  it  becomes  rainy  on  the  east  coast  of 
Africa.  The  change  from  one  monsoon  to  the  other  takes 
place  gradually,  but  ia  (;;euera]]y  accompauied  by  severe  Btorm& 
anti  tonipeata.  When  the  wind  ueases  to  blow  from  one  ilirec- 
tion  on  the  earth  the  clouds  in  the  upper  part  of  the  atmo- 
sphere muy  at  once  be  observed  taking  an  opposite  course,  hut 


B&me  weeks  may  iaterrene  before  the  change  is  established  at 
the  surface, 

"With  the  exception  of  the  parts  of  the  sea  Bulrjeot  to  the 
moasooiiR,  the  trade  winds  are  cuuetant  and  steady,  but  ihey 
do  not  blow  alwajB  and  everywliere  from  the  same  quarter. 
They  are  in  some  places  east  winds,  especially  on  the  western 
aide  of  the  oceans  they  affect.  They  are  also  more  to  ht 
depended  od  on  the  western  than  on  the  eastern  side  of  an 
ocean,  and  are  hardly  sensible  except  on  the  opea  sea.  They 
are  generally  stronger  in  the  hemisfihere  in  which  the  sun  is 
not  vertical,  and  are  there  a?90  leas  easterly  and  more  normal 
in  their  character.  The  weather  is  generally  fine  when  the 
trade  winds  ai'e  blowing. 

These  niuda  are,  ae  we  have  said,  more  distiact  in  the 
Atlantic  thnn  in  the  Pacific  Ocean.  In  the  former,  also, 
they  are  wider  and  more  powerful  on  the  American  side.  In 
the  Pacific  they  appear  to  be  permanent  only  from  alioiat  tbe 
meridian  of  tbe  Galapagos  islands  to  the  Marquesaa.  The 
northern  and  southem  boundaries  of  the  trades  mthin  tlie 
tcnjpertite  zone  are  geoerally  marked  by  suddsn  changes  of 
wind.  Bejond  this  ia  a  region  of  variable  winds,  which  is 
more  uniform  in  the  Pacific  than  in  the  Atlantic,  and  more 
Mnifjrm  in  tiie  southern  than  in  the  northern  hemiBphere. 

The  trade  winia  are  confined  to  the  ocean,  but  regular  and 
constant  east  wintU  occur  betwe&n  the  tropica.  They  are 
chitifij  observed  on  level  plains  of  great  extent.  Such  winds 
blow  over  a  great  part  of  tho  Sahara,  or  desert  of  Africa,  over 
the  vast  plains  drained  by  the  Amaamig,  in  South  America, 
and  also  on  those  in  the  lower  part  of  the  valley  of  the  Otiiioko. 
Other  permanent  winds  are  believeiJ  to  affect  the  climates  of 
Central  Asin  and  Southern  Africa.  Others,  again/ greatly 
modify  the  condition  of  vegetation,  and  even  of  animal  lifu, 
in  Australiu  and  the  islands  adjacent. 

Storms  m'e  of  various  kinds,.  These  are — (!}-  DiaturbanceB  of 
the  atmosphere  generally,  in  which  case  they  are  wind-storms. 
(i).  Thunder-storms,  or  disturbances  of  the  electrical  condi- 
tions of  the  air,  as  effected  by  the  passage  of  electricity  of  the 
ordinary  kind  from  one  cloud  to  another,  or  IVoln  a  cloud  to 
the  earth  : — these  are  thunder-storms.  (3).  Disturbances  of 
tbe  magnetic  condition  of  tlie  earth.  The  latter  are  sometimes 
called  magnetic  storms,  and  are  maoifested  lu  the  aurora 
(borealiy  or  austi'alis).    Both  electric  and  magnetic  storu^a  are 
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of  the  nature  of  suilJen  sliooka  recoveriog  an.  equililmuin  of 
electric  condition  tliat  liaJ  formerly  existed,  bot  had  been  dis- 
turbed. Ail  are  de^jeudent  on  the  electrical  and  magnetitol 
conditions  of  the  atoiusjihere  and  llie  (?arth. 

Electric  storras,  alikough  familiar  and  tolerably  well  under- 
etood,  are  very  peculiar  und  remarkable  pbenomeua.  They 
are  made  evident  to  the  senees  by  sudden  gleams,  or  long 
sparks  of  electric  light,  called  lightning,  the  latter  kind  beiii|^' 
accompanied  bj  loud  crashing  or  reverberating  noises  in  ihn 
air,  called  thunder.  They  ai-e  much  more  common  and  ref^ular 
in  certain  parts  of  tl:e  world  and  certain  districts  than  otiiers. 
They  are  common  in  the  tropica  and  in  warm,  temperate 
regions*  Tliey  particularly  affect  mountain  and  hilly  dis- 
tricts, they  ufien  paas  up  vuUeya,  and  they  are  more  frequent 
durin{»  summer  than  in  winter.  In  the  colder  temperate  and 
polar  countries  they  are  comparatively  rare.  There  are 
certain  ki^e  districts  where  these  storms  are  extremely  rare. 

Lightning  ib  either  forked  or  sheet  lightniup.  It  ia  believed 
that  Sie  former  is  the  appearance  whan  the  electric  discharge 
occurs  within  &  few  milea  of  the  earth's  surface,  and  ia  directly 
Been  by  the  obBerver.  When  the  discharge  takes  place  below 
the  hoiTzcn,  or  behind  a  dense  cloud,  only  the  scattered  light 
reflected  from  the  surfaces  of  the  clouds  illumiued  by  the  flash, 
reaches  the  observer's  eye.  This  illumination  of  a  portion  of 
the  heavens  is  called  ehaet  lightning,  and  the  distance  of  the 
discharge  is  genernlly  too  far  to  permit  the  accompanying 
ihutide.r  to  be  beard.  It  is  even  doubtful  whether  iu  al!  casea 
there  be  any  noise  produced,  for  sheet  lightning  may  also  be 
due  to  electric  disfhargea  takioof  place  at  very  great  eleva- 
tions above  the  earth.  It  is  well  known  that  the  discharge  of 
an  electric  spark  in  extremely  rarefied  air  is  ill  defined  and 
wide,  and  the  noise  can  hardly  be  propagatsd  under  such 
conditions.  The  cause  of  the  peculiar  brflJiancy  of  forked 
lightning  is  to  be  found  iu  the  intense  ignition  of  the  particles 
of  nitrogen  and  oxygen  that  form  that  part  of  the  atmoapbere 
1\  iug  iu  the  path  of  tlie  discharge.  Such  lightning  is  generally 
of  a  reddish  tint,  owing  to  the  pink  cdonr  of  tJje  light  emiited 
by  incandescent  nitrogen. 

Thuudor-storms  are  phenomena  of  extraordinaiy  grandeur, 
and  are  eomctimes  very  destructive,  especially  when  trees  or 
spires,  or  the  lofty  buildinga  in  towns,  are  the  media  by  which 
the  electric  force  passes  from  the  clouds  to  the  earth.  The 
a?  (raordinary  rapidity  and  mtfinait^  d?  v\\ft  isiQtkm.  ia  suEScieot 


i  tuelt  any  metal  ihrougli  which  it  passes,  and  even  to  shaltef 
or  displace  large  Wocks  of  stone.  Anj  living  being  thus  ex- 
posed is  haUe  to  immeJiat-e  death,  and  the  [lervous  Bjatem  of 
ibe  higber  ordera  of  anhnals  is  singularly  distupJied.  The 
state  of  the  air  is  also  greatly  changed,  and  SQoh  changt, 
though  occaaioiialiy  local,  may  extend  for  great  distances  in 
the  atmosphere,  and  modify  the  weather  for  a  ooneideratjle 
period.  This,  hoiTever,  is  e.tceptional,  fi:>r  in  most  cases 
thunder-storms,  eapecially  in  summer  weather  and  in  warm 
countries,  are  eminently  local,  nnd  are  mere  temporary  and 
momentary  re-e:jtabljshments  of  the  disturbed  state  of  atmos- 
pheric electricity.  In  mountain  countries  it  is  not  unusual 
to  find  them  limited  to  particular  valleys,  and  parts  of  valleys, 
neither  travelling  far  in  the  vallej',  nor  rising  high  on  the 
slopes  of  the  high  monntaiDS.  From  one  of  tlie  hills  in  the 
Tallcy  of  Switzerland,  near  Neuchatel,  (the  Weiflsensteiu) 
storms  hav6  been  seen^  accompanjed  by  vivid  fiaahea  of 
lightning  and  by  rolling  thuudtr,  passjug  along  a  thousand  feet 
below  the  tup  of  the  hill,  while  the  air  above  and  around  was 
undiatui'bed.  and  the  sky  overhead  cloudless. 

£ut  this  is  not  the  ease  with  magnetic  storms  on  b  large 
sc^B.  They,  also,  are  eoaily  appreciated  by  the  scnst's,  for 
the  auroral  appearances  that  geoemlly  accompany  them,  though 
silent,  are  very  striking.  Gut  there  are  other  phenomena  only 
recognised  by  instruments,  although  the  results  of  such  dis- 
tufbances  do  not  easily  pass  away.  Almost  all  the  great 
tjsagnetjc  etorms  obifjerved  of  late  years  have  been  accomijanied 
by  aurora,  and  followed  by  severe  and  long-continued  irre- 
gularities in  the  prevaihng  winds  and  weather  over  extremely 
iai^e  areas. 

The  usual  mode  in  which  great  storms  occur  '\%  by  circular, 
or  rntber  spiral,  movements  in  the  great  body  of  the  atmo- 
sphere, ranging  over  limited  nod  often  very  small  distrii^ts, 
A  remarkable  aud  very  fatal  example  of  one  of  these  was  the 
"itoya]  Charter"  storm  of  1859,  so  called  because  of  tho 
wreck  of  a  large  vessel  of  that  name  near  the  moutlii  of  tha 
Meraey.  This  atorm  eommencod  on  the  iiSth  October,  1830, 
shortly  after  a  singular  aeries  of  disturbances  in  the  magnetic 
state  of  the  earth.  AH  over  the  woild,  not  only  in  the  Arctic 
liut  in  the  Antarctic  regions,  in  Auatiuha,  South  Amarit:B,the 
West  Indies,  Bermuda,  and  elsewhere,  aurora  and  raeteois 
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had  l)een  unusunlly  prevalent.*  The  ijurreiits  along  the 
meridional  lines  of  telegrapliic  wire,  btilh  in  ilie  Jtit'  and  sul>- 
niarine,  were  even'wlieTe  disturbed.  Many  dwya  before  tlie 
fitormj  an  extraordinarj'  clearness  of  the  mmospliiere  Imd  been 
noticed  in  the  north  of  Ireland,  and  the  mountains  of  Scotland 
had  never  been  seen  so  prominently.  The  preceding  summer 
had  been  exceedingly  dry  and  but,  and  this  weather  had  con- 
tinued late  into  the  auturan  ;  but  a  few  days  before  the  asih 
October  the  therroomtler  had  fallen,  and  was  very  low  in 
most  parts  of  tlie  country.  There  were  northerly  winds  in 
6ome  places,  a  good  deal  of  snow,  and  very  low  barometers. 
The  lowest  barometer  and  a  corresponding  central  lull,  with 
light,  variable  windg,  or  dead  calm,  with  rain,  prevailed  over 
areas  of  from  ten  to  twenty  miles  across  successively.  At  the 
same  time  there  were  violent  winds  around  these  spactfl. 
From  the  middle  of  such  spaces,  at  a  distance  of  from  SO  to 
50  mileSi  the  wind  attained  a  velocity  teaobiug  from  GO  to 
100  miks  an  liour^  and  seemed  to  cross  England  in  a  suo 
cEssioa  of  spiral  eddyings  toward  the  NE.,  tlie  Tciod 
blowuig  from  all  points  consecutively  round  the  lull.  Thus, 
while  at  Auglesea,  the  storm  came  from  the  NXE.,  in  the 
Irish  Cbannel  it  waa  northerly^  on  the  east  of  Ireland  NW.^ 
in  tho  Straits  of  Duver  SW.,  and  on  the  east  eoast  of  Eng- 
land E.     All  these  were  directions  at  tlie  same  instant. 

Thus  there  was  an  apparent  circulation,  or  cyclonic  com 
motion,  passing  northward,  from  25th  to  27th  October,  being 
two  complete  days  fruni  the  first  appearance  of  the  storm  in 
the  Channel,  ivhlle  outride  this  cun'ent  the  wind  became  less 

*  On  tlie  evening  of  tKe  2Stb,  at  ab^ut  7"15  p,m:,,  thero  -wm  seen  at 
H^3lyhead  "  a  bright  ball  of  lire,  whitsb  rapidly  diffuaed  itwl^  and 
UluTniued  the  deos^l  maes  ai  vapour,  then  lOlijig  the  eky  to  &ii{:h  au 
extent  that  objects  for  a.  conBidsrable  distance  ajoond  became  visible  as 
tj  ilaj-."^  On  the  Bsrae  day  and  hour,  n^out  12  milej  west  of  Athlone, 
Ihe  sky  being  free  from  cloud,  a  meteor  waa  iepn  in  the  direetiou  of  the 
Fleiad'e*.  "  At  tir&t  it  waa  about  the  ske  of  a  stflr  of  the  first  mflgni- 
lude— it  advanced  quickly  towards  mc  for  four  Or  Gv6  tsCOnds,  rapjdly 
incraaaiDg  in  size — tlie  colour  wbb  an  intense  white,  li&e  the  electric 
fpark.  At  th&  end  of  the  four  or  five  Btsjonda  the  colour  changed  to 
bright  ruby  red,  changing  ita  direction  and  Icsiiig  velocity.  The  red 
colour  luRti^d.  one  and  a  Iinlf  to  two  aeconde.  It  then  biirat  into 
ftftecn  or  sixteen  "bright  emerald  green  partidEB,  which  di3iippearc4 
after  another  two  Bewndfl."  Mauy  other  meteors  were  defltribedj  but 
none  ao  completely. 
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and  less  violent.    Even  ao  near  Od  the  west  coast  of  Ireland 
tl>efe  were  ouly  moJerate  breezes. 

•■As  it  ifl  the  NW.  half  (from  NE.  to  SW.,  true)  which 
seems  to  be  principally  influenceJ  by  the  ctild,  dty,  heavy, 
und  positively  electrified  jwlar  currentt  and  the  SE.  half  of 
tlie  cyclonf  thtit  apparently  ahowa  the  effect  of  tropical  air 
(warm,  moist,  light  and  uegadvoly, or  less  seasibly  electrified}, 
the  places  over  whiiih  one  half  of  a  cyclone  passes  are  alTeeted 
differently  from  othera  over  which  the  other  part  of  the  very 
same  atmospheric  eddy  passes,  the  sweep  itaelf  being  caused 
by  the  meeting  of  \eTy  extensive  boi^Ueg  of  atfSosphore,  moving 
in  nearly,  but  not  exactly,  opposite  directions,  one  of  whicli 
gradually  overpowere  of  combines  with  the  othet, 

"  On  the  polar  side  of  a  cyclone,  continually  supplied  from 
that  side,  the  aengible  effects  are  chilling,  drying  up  and 
clearing  ilia  nir,  with  a  rising  barometer  und  falUng  thermo 
meter,  wliib-  on  (be  tropical  (or  equatorial)  sid^,  overpowering 
quantities  of  warm  moist  air,  radiiart  ffom  comparatively  in- 
exhaustible supplies,  push  towanla  the  XE.  as  long  as  their 
impetus  lasts,  and  are  successively  chilled,  dried,  and  inter- 
mingled with  the  conflicting  polar  currents,* 

Many  suoh  cyeloneSt  or  special  storms,  have  heen  recorded, 
most  frequently  in  the  tropics,  but  often  on  our  own  shores,. 
They  are  always  accompanied  by  similar  indications,  and 
generally  of  very  limited  extent,  Wheu  they  sweep  over 
land  they  soraetiraes  clear  a  straight  path  through  thick 
forests.  Something  of  this  happened  m  the  neighbourhood 
of  Bristol  not  many  j-ears  ago. 

*  "Ule  Weather  Bo<ili."    By  Adniirftl  Flttroy,  f.  300. 
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DEW,    OLOUDS    AKD    RilK. 

The  fltmosphere  is  never  free  from  flqiteous  vapour.  It  ab- 
sorbs it  as  water  a\tsorljs  sugur  and  salt.  The  quantity  it  is 
capatjle  cf  talting  up  varies  ivitli  its  density  and  temperature, 
liut  the  quanlity  it  actually  contains  lu  a  given  district  dependa 
greatly  on  the  geographical  position  of  the  district*  and  on  the 
roui-se  of  the  marine  currents  on  the  nearest  adjacent  coasts, 
Neces!=arilj  the  air  is  more  loaded  with  moisture  when  it  has 
hlown  over  warm  water  than  wlien  it  has  crossed  a  large  estetit 
of  dry  land,  or  lofty  mountains  piercing  the  higher  and  colder 
regions  of  the  pir,  AU  the  phenomena  of  aqueous  v«poar  aa 
a  part  of  the  atmosphere  are  extremely  important  and  intJ^rest- 
ing.  and  the  history  of  its  condensation  in  dew,  fng,  mist, 
floud,  vain,  snow  and  hail  invokes  a  vast  multitude  of  facta, 
essential  to  a  knowledge  of  phyaical  geography. 

Aqueous  vapour  is  a  powerful  radiant  of  heat,  and  does  not 
permit  heat  tti  pass  readily  through  it.  This  we  Imve  already 
explained.  Tt  is  diffused  through  air  of  which  the  mass  U 
generally  more  than  a  hundred  times  greater,  and  hefore  its 
temperature  can  he  lowered  sufficiently  to  he  condensed,  not 
only  its  own  heat  but  that  of  tlie  surrouudifig  air  must  all  ho 
reduced.  Solids  near  the  earth's  surface  cool  veiy  rapidly  by 
radiation  into  space  through  rlear  a;r,  and  thus  ohjects  on  or 
near  the  earth  may  easily  hecome  sulliciently  cold  to  cause  the 
cnndeneation  of  the  vapour  rlose  to  them,  and  even  produce 
hoar  frost*  although,  only  a  few  feet  above,  the  vapour  remaiuB 
nncondensed,  and  the  air  h  not  sensibly  much  colder  than 
hefore.  Such  a  deposit  occurring,  during  clear,  calm  nights, 
in  various  ohjpcts  near  or  upon  the  earth  in  the  open  air,  in 
eflUed  dew.     The  niote  rapid  and  complete  the  cooling  of  the 
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wid,  tlae  more  heavy  is  tli6  deposit.  The  cause  c»f  this  pfae- 
Jioaienoii  was  origiudlv  e:\iiluiaed  by  Dr.  Well^,  a  physician, 
who,  about  half  a  centurj'  ago,  was  the  firat  to  give  a  definite 
and  salisfiictor)'  account  of  it,  basing  his  conelusiona  on  nume- 
rous simple  and  iiigenious  experiments.  It  is  e:iBeTitJitIly  tjio 
result  of  the  chilling,  by  mdiation  into  space,  ol"  VHtioua  liodiea 
radiating  heat  very  differently.  Thus  dew  la  deposited  co- 
piouslj  on  grasa  and  painted  wooii,  when  none  ivhutts^^r  can 
be  found  on  gravel  walkji  adjoining.  Plates  of  metal,  good 
HHiductors  of  heat,  remain  quite  dry,  while  wood,  a  very  bad 
conductor,  beconjeg  quite  uet.  Many  cnrioua  and  interesting 
results  follow  from  a  clear  miikrAtandhig  of  the  subject  of  ra- 
dialkm,  and  the  cODSequent  different  rales  of  cooling  of  various 
substances.  Many  of  the  effects  attributed  to  the  moon  are 
due  to  the  effect  of  radiatiou  iu  tbf  clear  tsliy  which  accom- 
panies a  bright  moonlight  night.  PutresceDce  is  advanced 
in  this  way  by  the  deposit  of  moisture  on  decaying  animal  or 
vegetable  matter.  Tender  plants  ai-e  nipped  by  fro:5t,  even 
when  the  air  in  the  garden  appears  to  have  remained  above 
the  freezing  point.  Id  these  cases  the  smallest  screen — even 
a  cobweb,  would  check  the  radiation  and  preserve  tire  plant. 
A  thio  mst,  or  a  tisane,  however  slight,  ie  amply  sufficient  to 
presei've  delicate  vegetation  from  injury. 

It  has  been  proved  by  experiment  by  means  of  thermome- 
tera  exposed  on  long  grasa  duiing  a  clear  night,  compared  with 
others  at  various  short  distances  above  the  grass,,  that  the 
chilling  effect  of  radiation  diminishes  with  extraordinary  rapi- 
dity. Thus,  fit  between  2  and  3  inches  above  the  grass  the 
chilhug  is  only  ouehalf ;  et  a  httle  more  than  B  inches,  one 
quarter;  at  a  foot,  one  eighth  ;  and  at  0  feet,  only  one  tweo- 
tieth  of  the  amount  observed  on  the  s^gbh  ii^ell  It  has  also 
been  proved  that  the  difference  of  temperature  between  aiiy 
radiating  soHd  and  the  surrounding  air  is  nearly  cunstant,  at 
all  seasona  and  under  all  cireumstancea. 

Notwithstanding  this,  there  is  sotoetimes  a  difference  of  aa 
much  us  IfS"  F.  between  the  temperature  as  shown  by  a  ther- 
niometor  placed  on  the  grass  and  another  thermometer  hung  a 
few  feet  above  the  grass.  The  grasa  is  hrst  chilled  by  radia- 
tion about  A°  below  the  surrounding  air,  but  the  air  in  contact 
with  thia  chilled  grass  is  soou  reduced  to  the  same  tempera- 
tate.  The  tendency  to  keep  always  the  same  difference  now 
to  reduce  the  grass  still  Jower,  and  th,\s  a^c^vo.  ^ti^Va  \.W 
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surrouutUng  air  yet  more.  This  goes  on  till  the  tempertLLuTe 
of  ibe  struium  of  air  near  tlie  gi^ass  is  reduced  very  far  below 
that  wliioli  seema  to  belong  to  the  grass  itself.  In  tliii  wny  ii. 
is  that  it-e  is  sometimes  formed  during  clear>  calm,  nights, 
even  in  tte  tropics,  when  the  temperatme  of  the  air  ia  very 
high,  and  when,  under  no  other  natural  conditions,  cm 
freezing  lal\e  place. 

Hut  aqucoua  vapour  is  not  only  coudeoaed  from  Ihd  iur, 
when,  on  clear  nights,  the  radiation  of  heal  from  solida  in  con- 
tact with  the  air  is  Bhoivn  by  a  deposit  of  dew.  It  is  far  tuora 
frequently  rendered  visible  as  mi&t,  fog,  or  cloud,  and  thrown 
down  in  tornparativelj  large  quantities  as  rain. 

It  is  not  difficult  to  uaderstand  the  cause  of  these  appear- 
antes.  The  winds  and  curreuta  of  air  that  are  constantly  in 
circLilation  are,  for  Oie  moat  part,  differently  charj^ed  \«th 
moislui-e.  A  ^vann  wind  coming  from  the  sea  is  loaded  with 
moigture — a  hot  B'iiKl  crossing  a  continent  is  dry.  Even  a 
very  cold  wind  crossing  water  or  ice  takes  up  a  sensible  supply, 
which  is  for  the  most  part  retained  near  the  eartha  surface, 
for  the  upper  currents  of  air  being  less  dense  than  the  lower, 
are  less  capable  of  holding  up  the  vapour  atmosphere.  It 
mu9t  also  he  remembered  that  all  land  greatly  above  the  level 
of  the  sea  ia  colder  than  the  lower  lands,  and,  therefore,  cHHb 
the  ail"  that  impinges  upon  it, 

Thos,  then,  when  th«  heated  air  in  contact  with  or  uear  iLe 
ivater  at  llio  equator,  of  in  the  tropics,  rises  into  tlie  higlitr 
part  of  the  atmosphere  and  gives  place  to  the  colder  currcut; 
uomiug  in  from  the  nortli  or  south,  the  direct  result  of  the 
<:ha]igQ  18  to  place  the  hot  moiiit  air  in  a  position,  where  it  has 
a  tendency  to  condense  some  of  the  mjueouB  vapour  carried 
with  it.  Such  vapours  form  into  midt  or  fog  if  chilled  near 
the  surface  o^  the  earih  or  sea.  If,  however,  the  change  lakes 
place  high  in  the  air,  or  if  the  earth  he  warm,  and  opposing 
currents  of  air  exist  at  different  temperatures  and  difTerant 
levfils,  cIoudEs  will  form  within  certain  limits  of  diKtant^e  from 
the  earth,  and,  being  formed,  will  drift  away  according  to  the 
winds  that  prevail  at  that  elevation. 

"We  mity  descrilie  cloods,  generally,  as  visible  vapour  bub- 
peuded  in  the  air  at  some  distance  above  the  earth.  Possess- 
ing the  shifting,  forinleaa,  shadowy  eharacter  of  vapour*  he- 
Coming  visible  or  remaining  invifjible  according  to  minute 
cliangea  of  temperature  in  different  parts  of  the  gr^t  aerial 
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lOCean,  tbej  CDmbiue  dtstiuct  outlines  with  peculiar  and  strikiiig 
L'ulours  aud  otL«r  characleristlcd,  ^enabling  ua  to  speak  of  ttiem 
ae  deAuitei  objectfl,  mth  a  capacity  for  chajige  that  is  aJmo&t 
Hnliniltied. 

Clouds  carry  Tiuterfrom  the  ocean  to  the  mount aiu  tops,  they 
signal  the  occasions  oo  which  the  electric  furces  balance  them- 
BeU'63»  thej  cause  important  niodiBcations  of  light  and  heat  on 
the  earth,  they  are  connected  with  tlie  pmoductiou  of  fro3t,  they 
add  to  the  picturesque  effects  which  the  laudscape  painter  and 
the  admirer  of  nature  love  to  study,  and  they  o6'er  to  the  poet 
inDumerahle  guggestious  and  similitudes. 

The  fannation  of  cloud  may  always  take  place  at  the  shifting 
contact  of  cold  ivith  warm  currents  at  all  heights  in  our  atmo- 
sphere. There  will  be  the  snrae  rs'SuU  wher&ver  there  are 
mountains  or  lofty  plains,  for  theae  not  being  so  rapidly 
affected  aa  the  air  by  change  of  temperature,  and  receiving 
much  beat  from  the  sun  during  the  day,  which  they  lose  at 
niglit,  are  almost  always  of  a  temperature  different  fmm  that 
of  the  currents  of  air  which  strike  upon  them.  When  riiiu 
has  recently  fullen,  it  ia  often  curious  in  mountain  countries 
to  T»atch  the  iucessiint  aud  rapid  formation  of  cloud  over  socoe 
small  wooded  nutch  of  land,  the  moisture  from  the  warm  earth 
Bteamini^  into  the  chilled  air  and  Winjj;  immecJiately  converted 
into  mist,  which  gradually  accumuliites  till  it  breaks  away  and 
I  drifts  to  a  distance,  aasutning  a  distinct  cloud  nature.  It  ia 
equally  curious  to  obser^'e  a  narrow  aiile  valley  in  a  mountain 
district  covered  for  hours  together  with  mist  and  rolling  cloud, 
while  the  larger  add  more  open  valley  intu  which  it  opens 
Jiiis  a  perfectly  clear  sky.  The  cause  of  this  is,  however, 
ohvious.  The  Jatenil  TalJey,  enjoying  lesa  of  the  siiu'i  cheer- 
ing and  warming  mys,  is  colder  than  the  more  open  valley  ad- 
jacent ;  tliB  air  a^  it  passes  is  thersfore  aucked  up  the  side 
valley,  and,  coming  into  the  i^ooler  temperature  of  its  sides,  la 
at  once  coadiensed  into  mist  and  rendered  visible.  Such  mist 
may  tarn  afterwards  into  cioud. 

In  temperate  climate^,  whether  with  or  without  mountains, 
clouda  are  formed  at  all  elevations  up  to  fifteen  or  twenty 
thousand  feet,  or  even  more ;  hut  iIiohs  below  ten  thousand 
feet  are  mare  massive  and  more  inflLieuced  by  local  caimeu  than 

I  he  others.  The  observaiiona  of  Professor  Piazzi  Smyth  at 
^enerifft!  are  exceedingly  interesting  on  this  head,  as  he  wsn 
oahled,  while  living  at  the  great  eltvation,  of  lO^i^ii-j  fetX  q-o. 
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tbe  slopes  of  that  isolated  mountaia,  to  recogniae  and  record  a 
multitude  of  curious  facts.  A  c!oiid-\jank  was  otaerved  to  es* 
tend  wideij  at  an  elevation  of  4,500  feet,  at  which  heiglit  a 
NE-  wind  constantlj  prevailed,  drifting  tixe  clouda  towards 
the  SW.  At  a  far  greater  elevation  (neadj  15,000  feet),  a 
SW.  mod  Vf&s  constantly  drifting  nthet  clouds  towards  the 
XE. ;  and  thus  tliero  were  two  systems  of  visible  vapour  iu 
the  ftir,  the  one  travelling  in  a  direction  exactly  opposite  to 
the  other. 

The  way  in  w!iich  water  is  talcen  up  anci  bell  by  the  air  in 
fogs  and  mists,  or  conveyed  along  in  the  form  of  aviaible  cloud, 
seems  at  first  to  involve  niechanicKl  diffic^ultiee.  We  will 
return  to  this  subject  when  we  have  considered  a  little  further 
ibe  peculiarities  of  clouds  and  cloud  motion.  All  we  need  now 
point  out  is,  that  the  quantity  of  vapour  existing  in  air  in  thft 
invisible  form  depends  on  local  tem}»erflture,  and  is  probacy 
at  no  time  uniform  over  any  oonaiderable  area,  and  certainly 
never  the  same  for  twelve  hours  togetlier  in  the  same  jdace.  It 
is  found  thftt  when  the  tempeniture  is  00°  F.,  oacb  cubic  yard 
cf  dry  air  (about  168  gallons)  csn  hold  nearly  l&O  grains  [one- 
tbiid  jiart  of  a  fluid  ounce)  of  water  ;  at  S'i°  F.,  or  ihe  freezmg 
point  of  water,  only  one-bulf  this  quantity  is  contained;  and  at 
71)0  Y.i  nearly  double  can  be  al'sorbed  and  retained  in  an  in- 
visible furm.  A  comparatively  smal!  change  of  tempeirature 
■will  thus  at  «nj  time  greatly  alter  the  capacity  of  aii'  for  hold- 
ing vapour  in  an  invisihJe  form. 

It  is  not  difficult  to  understand  whence  the  vapour  is  derived 
that  passes  into  the  air.  The  great  ocean  covering  three- 
fonrtliB  of  the  surface  of  ouf  globe,  the  lates  and  rivers  present 
at  frequent  intervals  on  th«  land,  the  numeroits  smaller  pieces 
of  water,  and  the  large  tracts,  of  moist  earth  protected  from 
dr;-ness  by  vegetation  and  constantly  receiving  rain, — all  these 
insure  a  rapid  supply  whenever  an  increase  of  temperature  re- 
quiras  it.  The  tmnsmission  from  one  part  of  the  atmosphere 
to  aootber  is  aa  rapid  and.  complete  as  if  no  air  were  present 
and  the  vapour  passed  at  once  into  empty  space.  In  large 
unwatered  tracts  of  country  the  atmosphere  presents  a  very 
different  appearance  from  that  to  which  we  are  accustomed, 
but  air,  however  dry,  always  retains  some  water,  the  actual 
quantity  dependuig  partly  on  iho  temperature. 

Wlien  a  change  of  teniperature  occursj  and  the  alteration  is 
in  the  direction  of  increased  heat,  the  an:  contiuues  to  absorb; 
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iCEttbe  moment  tliat  a  diminuLiom  of  hC'St  takes  place,  owmg 
jaaj  cause^  not  only  does  the  power  to  abwjrb  cesse,  but  the 
oreer  to  retain  is  lost;    and  viaible  vapoar  represents  the 

ilfl'erenee.     Sach  vapour  has  a  tendency,  not  unfre<jueDt]3'.  to 
ume  the  form  of  the  object  by  wliicb  it  is  caused.     Thus. 

Ifhere  moaiittiins  avo  present,  a  cloud  seemg  to  fix  itielf  &t  the 

limniit  or  oo  llie  sides  of  the  mouniflin,  nt  a  certain  kvel,  and 
ere  obstinately  remain.     No  nituter  how  viokntly  the  wind 
bay  be   bloAing,  the  cloud  is  immoveable.     Such  a  [ilieuo- 

aeuon  is  well  known  on  the  Tftble  Mountuin  at  the  C&]}e  of 
Good  Hope.  A  similur  pppenrauce  iua;F  be  frequently'  ob- 
served on  the  more  detached  ra'juntiun-pwiks  of  Switzerland,  nf 
which  Mount  Pilate  {^h)}s  ptleutii.f,  the  cloud-capped  muun- 
tain)  is  an  exeellcut  example,  lu  these  oases,  it  is  not  that 
the  wind  h  unable  to  detach  the  cloud,  but  simply  that  the 
warm  wind  loailed  with  moisture  is  chilled  and  becomes 
visible,  the  chill  comuu+ncing  a  short  distance  to  wiudward 
of  the  olijei^t,  sud  continuing  at  a  distance  to  the  leeward 
of  it,  until  ihe  ail'  in  no  lunfjer  alTected  bj  the  cool  sur- 
face it  has  been  in  t-outact  with  for  a  time.  If  we  take  tha 
trouble  to  cliuib  the  mountain  and  enter  the  cloud,  we  find  it 
to  consist  of  tt  driving  mist,  raw  and  chilly  to  the  feelings,  but 
of  no  great  density-  A  change  in  the  direction  of  tl:e  wind, 
Iringing  air  not  30  wa^ml^  will  immediately  produce  a  clearing 
of  the  sky  with  p.  frenaation  of  increased  warmth :  but  any 
other  change  produces  httle  if  any  alterotion.  In  this  case  a 
permanent  cloud  is  apparently  formed  and  retained,  olthongli 
the  cloud  ia  really  not  tlie  same  for  two  seconds  tt>gether. 

It  often  happeoy  in  mountahi  districts,  if  thu  observer  is 
Bituiiled  at  a  high  levfjl,  that  he  raiay  watch  beneath  his  feet 
the  growth  of  a  cloud,  as  it  commeDces  with  steamy  vapoiira 
from  a  patoh  of  forest,  and  rapidly  drifta  awity  with  some  cur- 
rent of  air.  The  snrae  thing  when  seen  from  below  is  less 
easily  mndtrstood.  but  it  is  very  freqncctf 

Wheu  a  cloud  is  once  finmed,  it  has  a  tendency  to  remain 
floating,  euapended  in  air  of  about  the  earae  density  as  itself.. 
In  the  higher  regions  of  the  atmosphere,  where  the  clouds  are 
chiefly  formed  at  the  raeetinrf  of  two  currents  of  diflerent  water 
capacity,  sets  of  gmall  or  apparently  email  cloiida  are  produced, 
all  nearly  of  the  saraa  form,  as  all  are  due  to  precisely  the  same 
cause.  Thns,  we  have  the  moi'eVtuil  and  maclierel  skies,  and 
other  kinds,  where  numerous  light  fleecy  cluuds  aY>V&*s  ^^  ^ 


353 


PHIatCAL  GEOGIUPHT. 


great  devatioii.  In  ^e  technical  language  of  meteorolotrista 
these  are  called  cirnis  clouds,  from  the  peculiar  curl  iJiej 
often  present,  It  haa  been  supposed  thax  such  clouds  are 
Composi'd  of  particles  of  auow.  Tljcy  occui-  iu  systt-ms ;  loug 
ranks  of  them  extending  in  oue  direction  fur  vast  distanota 
far  above  our  heada,  and  being  occasionally  crossed  by  otlier 
systems^  at  othfr  but  also  extreme  altitudes.  ThfV  prest.nt 
very  varied  and  fiinguliir  up  pen  ranees.  They  are  pvohablj 
never  less  tbiin  three  miles  fi-om  the  earth,  and  soraetimes 
certainly  nanch  more.  Their  tolonr  generally  is  the  purest 
^hite,  contrasting  finely  with  the  rich  ftiU  blue  of  a  clear  sky. 
They  have  a  teudencyi.  derived  from  their  mode  of  orifjiu,  t-a 
nneii^e  themselves  in  parallel  bauds ;  and,  by  a  wt- U-known 
lawof  persp«3tivB,  these  appear  to  converge  to  points  ueartlie 
horizon.  At  the  equator,  the  direction  of  the  bands  of  such 
clouds  was  obseiTed  by  Humboldt  to  be  nearly  north  aui 
eonth,  but  with  us  they  run  more  frequently  north-west  and 
ft?ntb-eaat  Anjongst  these  singular  and  exquisitely  Wautifiil 
clouds  are  formed  halos  and  mock  sans,  and  indeed  careful 
observation  would  seem  to  show  that  they  are  almost  alwaj-s 
accompanied  by  iridesizenc^t,  though  often  very  faint.  It  has 
been  suggested  that  these  ciiTus  clouds  are  the  heads  of  co- 
lumns of  vapour  rising  ft-om  the  earth,  and  precipitated  as 
soon  as  they  attain  a  eertain  elevation.  If  this  be  so,  the 
visible  cloud  forms  the  capital  of  an  inv^ible  juilar  of 
saturated  air. 

Whfn  these  clouds  are  more  dense,  occurring  at  somewhat 
lower  levels,  and  accumulating  in  larger  quantity,  but  still 
retaining  their  banded  appearance,  they  pass  into  another 
kind,  cullt'd  cirro-stratus,  whidi  rfserable  loose  masses  of 
carded  cotton,  and  often  puss  rapidly  inta  rain-cloud,  Cimjfl 
clouds  are  often  seen  near  the  horiaou  at  sunset  and  sunrise; 
but  i£  is  on  a  fine  summer's  evening,  wheu  these  loftiest 
vapours  become  tinted  with  the  rich  warm  glow  of  the  setting 
sun.  that  they  are  most  beautiful. 

The  clouds  called  cwfiulus  differ  from  those  just  described  iu 
many  essential  characteristics.  They  appear  to  be  formed 
near  the  earth,  and  asceud  gradually  during  the  day.  Thus, 
in  euujrner,  the  buu  will  rise  in  a  clear  sliy,  or  through  hazy 
strata  of  cirrus  and  cirro -stratus,  which  immediately  di^^appeW. 
Towards  eight  o'clock  in  the  morning,  small  flocky  clouds;  aru 
seen,  which  gi-adually  increase  in  number  aud  volume  duriujj 
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tbe  heat  of  the  day,  and  then  disajipeRr  tovfarda  Hunset,  On 
the  inouutama,  one  may  see  such  L-lyuds  at  one's  fyet  in  thi^ 
morning;  at  noon  tiicy  foriti  a,  niiyt  arouTid  ub  ;  in  the  after- 
noon they  are  far  overhend ;  iuiJi  towanis  night  thej  have 
Tauiiihed.  A3  the  earth  hecomea  he&ted,  the  hit  immediately 
oljove  it  is  warmed,  and  abaorba  moisture.  This  wann  and 
damp  but  light  air.  rising  to  replace  the  cold  and  heai.'y  air 
above,  ia  soon  chilled,  und  ita  moistnrc  hacomes  visible.  To- 
wards evening,  the  ascending  currents  are  replaced  by  descend- 
ing currpnts,  and  the  clouds  disappear,  being  re-ahsorbed. 

Such  clouds  fire  not  often  picturesque,  hut  tliey  not  nufre- 
ijuently  present  vury  grok'sque  wnd  varied  forma,  ehauging  with 
the  most  mnrvcllous  rapidity,  and  melting  nway  iit  a  singular 
manner.  When  of  large  dimensions,  they  cover  the  heavens 
and  altogether  obscure  the  sun.  being  in  this  state  entu'ely 
without  form  and  beatity  ;  but  wbenever  they  are  broken  up, 
even  the  heaviest  clouds  are  cttpable  of  presenting  Tvenderful 
TSrvety,  ftud  the  most  exquisiti-  softness  of  pencilling-  Like 
the  cirrus,  the  cumulus  ia  frequently  in  layers  or  strata,  and 
13  then  called  cuinuh-stratiis. 

The  true  rain-cloud  [nimhits  of  meteorologiats)  is  limited  to 
a  moderate  distftncf  from  the  earth,  probably  not  estendinjj 
to  more  than  four  or  five  thousanJ  feet.  Being  so  near  the 
eartht  it  is  often  seen  to  be  drifted  along,  torn  by  the  wind, 
and  presenting  sweeping  and  jagged  forms*  changing  at  every 
instant.  The  clouds  are  not  in  reality  blown  about  by  the  wind 
aa  they  appear  to  be.  for  they  form  part  of  the  wind  itself,  the 
sweeping  raiiit  and  the  di'iving  wind  rising  and  lulling  together. 
It  IS  also  WL'U  known,  that  while,  to  any  one  within  a  raiu- 
eloud  ia  the  act  of  dLschtirgiug,  it  appears  that  the  cloud  itself 
m  ia  violent  luid  rapid  motionf  the  same  cloud  will  apjtear,  U> 
ft  spectator  from  a  distance,  to  be  in  perfect  repose— not 
moving  firom  the  spot  where,  for  some  local  reason,  the  shower 
occurs. 

Many  beautiful  and  famniar  opp^arancee  are  due  to  the  rsin- 
clonda.  They  pfiss  with  rapidity  serosa  and  below  other  cloudi, 
paitially  coat-ealiug  and  modifpng  tbem — often,  by  their  pe- 
culiar grtiy  tiut,  sotting  off  the  colours  and  inteuee  whiteness 
of  the  more  massive  looking  cwniUus,  and  the  delicate  fringes 
and  curlti  of  cirnia  far  overhead.  Of  all  clouds,  they  are  the 
most  transparent;  resembling  soraetimea  drifted  emoke  or 
haze,,  and  sometimes  tho  mo&t  dolicatei  curtain  of  gray  air. 
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But  tliey  are  alao  not  uufrequentlj  opaque  and  heavy^  distinctly 
announi-iiig  tlieir  oljiect.  They  are  "wet,  transparent  form- 
less, full  of  motion,  felt  rather  by  their  shadows  on  the  hills 
than  by  their  presence  in  the  sUy,  becoming  dark  only  throagh 
increasad  depth  of  space,  most  tran  sin  scent  when  iDi.»st  sombre, 
and  light  only  lliftiagli  iiiLT^ased  buoyancy  of  motion^  letting 
the  blue  through  iheir  interstices,  and  the  sunlight  tbroygli 
tlieir  chasms."  These  clouds  are.  admirable  studies  fi>r  ifae 
artist^  fls  well  as  strikingly  adapted  to  excite  th,e  imtt^natiou 
of  the  true  lover  of  nature. 

lu  their  ordinary  occurrence,  accumulating  gradually  till 
tJiey  cover  the  whole  vault  above  us,  they  may  aeem  unmeB-a- 
iug;  but  when  we  are  enabled  to  study  them  in  the  course  of 
a  sittonn,  they  are  marrellotisly  beautiful  and  picturesque.  We 
will  make  use  of  an  extract  from  one  of  Mr.  Ruskin's  worbs 
as  fitly  concluding  our  notice  of  raiD-tlouds.  After  describing 
the  quiet  masses  of  wliite  cloudy  gradually  accumulating  as  the 
day  advances,  Mr.  Ruskin  tells  us  to  "  wait  a  little  till  we  see 
those  mists  gather  th&uiseNes  into  white  towers,  and  stand 
like  fortresses,  piled  every  instant  higlier  and  higher  into  tlie 
sky,  and  castuig  longer  shaiows  athwart  the  rocka.  Out  of 
ihe  pale  blue  of  the  horizon,  we  may  then  see,  forming  and 
advancing,  a  troop  of  narrow,  dark,  pointed  vapours,  which  wll 
cover  the  sky,  inch  by  iucb,  with  their  gray  network,  and  take 
the  light  off  the  landscape  with  an  eclipse  which  will  atop  ike 
flinging  of  the  birds  and  the  motiou  of  the  leaves  together. 
Soon  we  may  recognise  horizontal  bare  of  black  shadow  form- 
ing under  them,  and  lurid  wreatks  creating  themselves,  we 
know  not  how,  along  the  shoulders  of  the  hills.  And  then 
comes  the  sudden  rush  of  the  awakened  ivind,  and  those 
watch-towers  of  vapour  are  swept  away  from  tbeir  foundations, 
and  the  waving  curtains  of  opaque  rain  are  let  down  to  the 
valleys,  swinging  from  the  burdeued  clouds  in  black  beading 
friiigea.orpacuigin  pale  columns  along  the  surface.  As  the  sun 
sinks,  the  atoroa  drifts  for  au  instant  from  off  the  hills,  leaving 
their  broad  sides  emoldng  and  loaded  with  euow-while,  torn, 
Bteam-like  raga  of  capricious  vnpour, — uow  goue,  now  gatht?redl 
again ;  and  the  sun,  like  a  red-hot  ball,  plunges  through  the 
rushing  wind  and  rolling  cloud  with  headlong  fallj  dyeing  oJl 
the  air  about  it  with  blood."* 


•  "  Modern  Paintcre^"  vol.  i.  pp.  259, 2flO. 
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The  motions  of  clouJa  axe  curious,  and  javolve  an  apparent 
difficulty,  only  to  be  understood  by  considering  tbeir  origin. 
Masses  of  cloud  are  often  seen  to  &Av&inie  in  direct  oppoaitiiJil 
10  tbe  wiud3  that  blow  uear  the  earth,  and  these  masses  atemlily 
inaku  their  waj  across  the  visible  hemisphere  either  in  biiuda, 
or,  more  freiiut^ntly,  in  loiis-shnpod  [i^roiipa  ;  not  uiifri.'quent]y 
tbe  advancing  end  ig  more  rounded  or  quite  bhiffl  Such 
clouds  put  On  strunge  sud  fanciful  forms,  changing  rapidly, 
and  imitative  of  any  object  the  imagination  suggeists.  At  the 
same  time,  perhaps,  a  bank  of  white  mist  serves  as  a  perma- 
nent bacliground,  curls  of  whitj?  fleecy  vapour  are  in  the  zenith 
4juite  undistucbu^d,  and  shadowa  fall  unexpectedly  aud  juei- 
piicably  upon  the  landscape.  Such  a  complication  geuerally 
flccompaniea  or  announces  rainy  and  windy  weather,  and  19 
due  to  the  existence  of  very  distinct  opposing  currents  of  air 
ut  various  altitades^  each  striving  for  the  mastery.  A  distant 
ctrro-stratas,  or  fog  bank  of  the  upp.er  aky  (tho  stratum  is  the 
jtame  given  to  formal  :itratiGed  cloutJs  limited  to  no  particular 
lieight},  thus  remains  altogether  michanged  in  form  or  pro- 
portrions  for  a  long  time,  whiJe  a  nearer  cloud  of  similar  form 
partly  conceals  aud  is  entirely  shadowed  by  it.  At  the  ^eat 
elevation  of  the  upper  cloud,  at  least  three  niilya  above  the 
em-th,  the  air  is  no  doubt  in  steady  motion ;  but  whether  thy 
baut  of  cloud  moves,  or  is  still,  ltd  motion  Is  not  rt'Cogniaed 
at  the  distance  of  the  observer.  At  half  that  elevation  the 
same  amount  of  motion  of  air  and  cloud  is  far  move  easily 
noticed,  and  evoa  without  any  other  difference,  the  lower 
clouds  will  then  appear  to  pass  along  in  front  of  Ibe  upper. 
As  they  pass  along,  the  upper  aud  lower  edges  of  the  larger 
clouds  are  constantly  overlapping  and  interfered  with  by  the 
currents  of  air  above  and  bdow,  and  the  cloud  aaaumes  a. 
liluntc^d  truncated  form,  it&  bluff  extremity  pushing  forwards 
into  space. 

While  iu  many  cases  a  cloud  actually  formed  is  driven  on- 
waj'dd  with  the  wind  to  its  destined  goal,  in  othera,  as  we  havH 
already  intimated,  the  whule  cloud-phenomenon  consists  iu  a 
continuous  reduction  to  the  visible  form  of  the  vapour  present 
in  the  mr,  either  when  the  air  strikes  iigaiust  tlie  sm'face  of 
a  Biountaiu,  or  meets  with  a  dlfEereut  cm-rent  and  becomea 
chilled.  Iu  such  cases  the  cloud  is  permajient,  and  varies 
little  in  shnpo  or  dimensions,  while  the  wind  may  vary  ex- 
cetdiagly  in  force,  and  niuy  even  changti)  it^  direction  without 
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tbe  cloud  being  altered.  It  is  a  well-known  iutimation  of 
storm  whoii  huge  raiu-clouds,  black  with  moisture  ready  to 
be  Jqwsitnd,  roll  ou  with  increasing  vehemence  in  a  directdon 
opposed  to  that  of  the  wiud,  becoming  heaped  and  piled,  till 
the  storm  burets,  electrical  explosions  marking  tbt!  recoTeiy 
or  disturbed  equilibrium,  and  the  r^n  falling  in  torrenta. 
Such  storms  it  is  generallj  «aid  "  dear  thg  air,"  and  render 
it  more  healthy  for  animal  life.  They  certainly  produce  a 
marked  effect  ou  its  electrical  atate. 

Tbe  colours  and  shadows  of  clouda  are  not  less  varied  and 
Leautiful  than  their  forms.  \Vheu  the  sim  is  near  the  hori- 
zon, and  its  li^ht  ahint-s  through  a  considerable  thickness  of 
vapour,  the  colour  tniusmitted  is  always  red,  an  excess  of  the 
yellow  and  blue  rays  htfing  absorbed.  Close  to  the  western 
homon,  however,  when  tlie  buu  is  about  to  set,  and  tbe  doutla 
are  not  too  thickly  congregatedi  we  find  also  every  conceivable 
variety  of  yellow,  pftssiug  from  the  palest  and  purest  tint  to 
the  deepest  and  richest  admixtures  of  yellow  with  red.  Bias 
id  a  colour  rarely  fuund  in  clouds :  —never  by  itself  as  ii  pure 
coloiu",  and  rarely  in  misture  either  with  yellovi?  as  any  shade 
of  green,  or  with  red  as  in  shades  of  violet  and  purple.  The 
latter  is,  indeed,  the  most  frequent  of  such  admixtures ;  but 
it  is  generally  to  be  accountfid  for  without  our  being  actually 
obliged  to  admit  H  as  a  positive  tint  belonging  to  the  cloud 
itself.  Green  clouds  and  a  green  tint  of  the  sky  are  not, 
however,  extremely  rare. 

It  seems  strange,  that  as  water  is  heavier  than  air,  clouds 
should  not  only  form  but  remain  Hoating,  and  that  in  many 
cases  they  should  lose  the  power  of  wettiug  which  belongs  to 
ordinary  mista  near  the  earth's  surface.  Certaiuly  clonda 
neither  float  aa  boats  on  the  air :  nor  are  they  retained  only  for 
a  short  time,  like  feathers,  by  friction  and  reaiatance ;  uor  do 
the  particles  of  wnter  in  a  cloud  consist  of  hollow  spheres  with 
void  cnvitiiSj  or  with  their  Interior  filled  up  with  light  gn*.  No 
explanation  of  this  kind  is  sufficient  or  satisfactoiT.  Is'either 
ia  the  water-cloud  like  the  cloud  of  inceu.se,  that  liaea  and  for 
a  time  fioata  in  air  while  dissemiuating  its  fragrance. 

To  account  for  the  permatiencG  of  clouds  we  must  remtDd 
the  readtr  of  the  nature  of  the  vapour  atmosphere.  It  ia 
in  its  very  nature  an  independent  atmosphere.  The  shell 
of  air  that  encloses  ouf  earth  consists  of  several  parts  which 
have  strict  relations,  and  a.  certain  dcpeudenco  on  each  other. 


Dut  at 
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ut  at  tLe  same  time  are  essentially  sepaivUe,  hnvjn^  imder- 
goue  no  clieinieal  cotnbinatiou.  Gaaea  are  iu  some  important 
respects  very  imljku  litj^uids,  and  thia  ia  uowhere  more  cloarly 
shown  tban  in  tba  mode  in  Tvhit-l:  they  mis  with  each  otlier. 
Thus,  if  some  of  the?  light  street  gjis,  which  is  the  aubgtauce  used 
to  rendi?r  our  hallooua  buujaut,  were  placed  in  a  vciiael  inverted 
over  another  vessel  in  which  vas  a.  quantity  of  heavy  choke- 
damp  (a  gas  often  found  at  the  bottom  of  old  wells  and  pita,  and 
ao  heavy  that  it  may  be  lifted,  and  poured  from  auo  tumbler 
into  another  like  water),  theu  even  if  each  veaael  were  care- 
fully covered  niLh  bladder  before  the  experiment  commenced, 
the  two  gBseg  would  be  found  after  a  short  time  to  have  mingled 
completely,  the  hghter  having  descended  through  the  two 
bleddLTS  to  mis  with  the  heavier,  and  tbo  heavier  having 
mounted  to  mLt  with  tfao  lighter.  The  vapour  of  water  in 
the  atmosphere  is  for  all  practical  purposes  a  gas,  and  mixes 
as  H  gas  with  the  other  gasea  that  make  up  the  whole.  It  is, 
therefore^  held  up  iii  the  air  just  as  the  slightly  heavier  oxygen 
and  much  heavier  earbouic  acid  are  held  up  with  and  hj  the 
nitrogen.  No  doubt  there  Pemaina  much  that  we  cannot  fully 
understand  in  this  mode  of  existence  of  mixed  au's,  and  we 
cannot  certainly  be  said  to  know  why  the  heavier  atoms  of 
Tvater  remain  permanently  in  contact  with  the  lighter  atoms 
of  oxygen  aud  nitrogen  ;  but  we  may  accept  it  for  the  present 
as  a  fact,  hoping  in  time  to  recognise  th<.>  cause  and  the  mode 
of  action  of  the  Uw,  At  any  rate  there  is  no  need  to  asgutne 
that  the  water  is  present  in  an  unusual  ^tate,  or  that  it  ia  in 
any  other  than  its  most  ordinarj'  condition.  As  augar  or  salt 
mixed  with  water  becomes,  as  it  were,  fluid  by  being  mingled 
with  fluids,  ao  the  vapour  of  water  behaves  as  a  gas  when 
miugled  with  air  in  our  atmosphere,* 

•  The  reamrclieB  of  Dr,  Tji'ndsll  on  the  eutiject  of  teat  radiating 
through  atmoaplit^rps  contain infi:  more  Or  li^as  vapour,  hftve  cleDPlv  ahawii', 
lliat  whi.'ii  tho  sun's  ravi  of  Iiglit  nud  "heat  pass  tlirDti(^]i  porfeotlj  dry 
otmosphcnc  air  no  beat  is  lost,  while  through  ccrtiiiu  gsses  and  steHni 
so  hDDt  passes.  TJiud,  m  pToporti'On  as  Ihs  air  ia  damp,  ia  tiiat  saiQu 
proportiDu  does  it  absorb  more  bi-at  from  tbe  buh's  rays,  and,  ut  tho 
Bame  time,  begomt'S  enviable  of  hnltlitig  more  irapour.  In  the  eame  way 
blao  docs  ths  earth  pttrt  wit!)  tha^  heat  it  alreadj  posseBsca,  the  maru 
nlowlj  in  proportion  aa  its  eteam  ntmoaph&i*  is  more  dense,  whila  an 
the  other  bojid  it  is  undBr  such  Dircuoistancc^  lues  heated  by  tbo  aun, 
iTio  chan^  neceaaarilj  taking  plec^e  every  hour  aa  different  parts  of  the 
earth  and  atnHiephera  ajc  exposed  to  the  sarfe  actiijio^  t\i\ia  \t\tt\u:ff6  '^^Go^ 
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The  mature  and  continual  presence  of  an.  iuTisible  EitctiQ- 
f^here  of  water  is  thus  accounteil  fur^  and  it  ^  ouly  when  *b 
come  to  the  resuniption  of  the  visibl*)  form  ivitliout  aneoessBiy 
conversion  intu  dfop9  of  wtUer  failing  through  the  air.  tbat 
there  is  an  absence  of  clear  explanation.     "When,  however,  il 
is  remembered  that  the  propertj^  we  call  weight  belongs  to  B^l 
matter,  and  that,  for  auything  we  know,  the  ultimate  fttoms  of 
all  are  of  the  same  weight,  the  differencfls  bei^g  due  to  density 
or  closeness  of  pjioking  of  the  atoms,  it  will  be  seen  tlmt  thera 
is  DO  necessary  reason  why  visible  as  well  aa  invisible  vaponi 
should  not  he  retained  perm&Tiently  in  the  air.     The  vspoar 
may  be  set  free  without  assuKiing  the  fluid  form.     However 
this  may  be,  it  has  never  yet  htren  proved  that  clouds  are  not 
limited  to  air  in  raotioo;  for,  as  we  have  seen,  a  cloud  may 
appear  in  perfect  repose,  CTen  when  violent  and  Bhifiing  winds 
are  all  around,  the  cloud  being  a  permanent  result  of  the 
actual  motion  of  the  air. 

The  conversion  into  a  miat  or  raining  cloud  of  what  may  he 
called  a  dry  cloud,  consisting  of  visible  vapour  not  adhering 
readily  to  eoUd  objects  which  have  aboiit  the  &ame  tempera 
lure,  seenis  to  be  in  all  cases  accompanied  with  electrical 
action.  In  meteorological  ohserTatories^  where  the  electrical 
state  of  the  air  is  recorded  by  iustnimentSj  this  is  somelimes 
seen  in  a  very  striking  manner.  A  sudden  shower,  occurring 
wjtliotit  previous  wajning.  will  in  an  instant  set  all  the  electric 
instruments  in  full  motiou> — gold  leavee  and  pith-halls  vibrating 
to  and  fro,  and  sparks  snapping,  now  faintly,  now  loudly,  so 
long  as  the  shower  lasts.  Occasionally,  and  without  cloud,^ 
moisture  is  also  rapidly  deposited  from  air  which  to  the 
senses  h  quite  dry.  At  all  times  the  productiou  of  drops  of 
rain  involvca  electrical  disturbance;  whereas  thei'e  is  no 
proof,  and  not  much  probability,  that  the  mere  change  from 
invisible  to  visible  vapour  involves  any  interference  with  the 
Ordinary'  state  of  electric  e4^uilibrium. 

It  is  in  the  tropics  that  the  phenomena  of  rain  are  presented 
in  their  most  striking  form.  Near  the  equator,  wherever 
the  sun  ia  vertical,  tlie  earth  below  ig  heated  in  the  highest 
degree,  and  the  air  is  calm.     Ad  ascending  current  takes  place. 


inceBasLnt  clhnuge  bo  etrongly  indicated  by  the  clouds.     It  m^t  not  be 
foTgotten,  that  eanh  change  af  vspour-condition  £&  Dceompaiii&d  by  a 
iiliance  of  the  electnc  equiJibriiim. 


but  tlie  regular  winds  gjadually  die  away.  The  air  becomes 
damp  and  like  a  Tapour  bath — die  sky  assumes  a  wliiiish  tint 
and  is  overcast — elouds  appear,  followed  Itj  sudden  aliowera, 
and  these  by  fierce  storms,  uutll  at  length  floods  of  mJn  de-  , 
BcenJ,  inundating  tbe  earth.  After  tlie  sun,  has  passed,  and 
ceased  to  be  vertical,  the  rains  diminish,  the  air  becomes  drier 
und  cWr,  and  tite  Tegular  winds  are  again  felt.  The  great 
iTopienl  rains  follow  the  course  of  the  sun,  the  ascending 
t'urrent  of  hot  air  neutrnJisea  the  hoii^ontol  trade  wind,  the 
vapours  are  carried  rapidly  upwards,  and  become  coudtMised. 

Tlie  quantity  of  raiu  thus  falling  is  very  large.  In  one 
place  (Cherra  Pungee)  it  is  stated  to  amount  to  511'2  inches. 
or  nearly  00  feet,  in  the  course  of  tlie  year ;  but  the  average 
at  the  equator  is  conRidered  not  to  exceed  100  inches.  This 
falls  in  about  eighty  dsya,  the  rest  of  the  year  being  dry.  In 
some  localities  the  quantity  of  rain  falling  in  siugle  showers 
ia  very  excessiTO,  Thua  at  Cayenne  31  inches  have  been 
known  to  fall  in  a  single  day.  Guiana,  Biaxil,  and  the 
■western  coast  range  of  India,  &re  places  where  the  largtst 
rain-falls  are  believed  to  occnr,  and  in  these  places  from 
225  to  son  iuches  cannot  be  considered  an  unusual  fall  in  a 
single  year. 

Eeceding  from  the  tropics  the  rains  become  less  periodical, 
and  far  less  in  quantity  ;  but  they  are  often  distributed  over 
a  larger  number  of  days.  These  are  caused  by  the  meeting 
and  crossing  of  currents  of  wind  from  various  quarters,  somii  ' 
warm  and  moist,  others  cold  and  dry.  Condensation  then 
takes  places,  sometimeB  very  rapidly.  Near  tlie  western  eea- 
board  of  tlie  Atlantic,  and  on  the  shores  of  the  BleJiterraoean^ 
there  are  often  spring  and  autumnal  rains.  At  other  places 
there  are  heavy  rains  at  tbe  time  of  tbe  solstice.  The  mean 
rain-fall  in  the  north  temperate  zone,  though  it  varies  much, 
does  not  often  exceed  4.0  inches.  The  exceptional'  eases  are 
in  such  localities  as  Wales,  and  etill  more  remai'kably  the 
Cumbeiiand  mountains.  The  rain  in  these  places  is  aimobr 
aa  great  as  in  some  parta  of  the  tropics,  and  the  showers  thnf 
fall  are  also  almost  trojacal.  lu  tho  year  18<53  there  fell 
1 63 J  inches  of  rain  at  Seathwaite,  in  Cumberlandj  and  less 
than  20  inches  at  Biahops  wear  mouth,  in  Durhara. 

Taking  the  rain-fall  of  the  British  islands  as  likely  to  be 
the  tnoat  familijir  exQraii!e  to  the  English  reader,  we  may 
with  advLiutaije  describe  brielly  the  tUef  '^\ic\va\awMk,  ^f^ 
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presented,  and  proceed  to  compare  them  with  olliers^  The 
mean  annual  rain-fall  of  the  "hole  Uaited  Kingdcim  we  mair 
Rsaume  to  be  sometbixig  less  ihau  34  inches,  and  thK  is 
nearly  the  same  as  tliat  of  Ireloud.  On  the  other  hand,  if 
England  is  estimated  alone.*  its  rain-fall  is  under  ^0  inches, 
imd  that  of  Scotland  (excluding  Mull)  is  more  than  33  inches. 
Thus  already  we  perceive  a  great  diff&renc*,  and  the  bj^ken 
iiisultir  form,  smaller  width,  and  latere  ranuutaJnoua  chaiacter 
of  Scotland,  are  seen  to  produce  a  much  larger  deposit  frotn 
the  uir  than  is  the  case  ^-ith  England,  while  the  more  direct 
exposure  of  Ireland  to  the  south  and  west  produces  an  excess 
in  that  counttj.  When  we  examine  either  country  in  detail 
ivB  tiud  that  geographical  peculiarities  explain  the  state  of  the 
caa*.  Thus  in  Engtiind;  at  Seathwaite,  in  Cumberland,  and 
at  Cottistoc,  in  Lancashire,  on  the  west  or  seaward  side  of  the 
lowj  hut  important  mountain  chaios  of  these  districts,  the 
rain-fall,  as  wa  have  already  said,  is  almost  tropicah  At 
SeathwaitB  it  averages  127  inches,  and  at  Coniston  71  i^  inches. 
So  in  Scotland,  in  the  Isle  of  Mull,  the  amount  ia  74^  inches. 
Ou  the  other  hand,  at  totIous  places  on  the  east  of  Enfrland 
the  avei-age  does  not  exi-eed  20  inches,  in  Dublin  it  is  under 
aa  inches,  and  at  Edinburgh  under  35  inches.  Generallj 
the  diflerence  between  the  west  and  east,  coasta,  hetween  the 
south  coast  and  the  interior  of  the  country,  between  hill  ujd 
muUQtaiii  stations  and  those  in  plains,  and  hetween  these 
places  where  the  south  and  west  fvinds  first  impinge  on  loftj 
ground  and  those  where  thoy  travel  over  plains  and  valleys, 
is  exceedingly  marked. 

Thua,  near  Boitnin,  in  Cornwall,  on  Dortnaoor,  the  fall  i$ 
43|  iueheg ;  and  at  Helstoncj  in  the  same  county,  on  lower 
ground,  though  nearer  the  coast,  only  86|  inches.  At  Water- 
ford,  on  the  south  coast  of  Ireland,  it  is  30|^  inches  ;  at  Sligo, 
on  the  west  coast  3b J  inches;  and.  as  we  have  already  said, 
only  2 1 1  inches  at  Dublin.  At  Liverpool,  which  is  flat,  it  ia 
a4^  inches ;  and  on  the  Lancashire  moora  adjacent  46  inches. 

•  In  thia  STCrage  the-  escBptioBnl  iDcaliticH  of  Seatliwaite  and 
CoiibtoD  ai-e  exdud^d.  If  JTiclud^dj  they  would  brin^  up  the  amoqnt 
of  fell  to  34  iimlieH.  They  6re,  bowerer,  piuely  local  phcuomeni. 
Tho  aviPTageB  bpo  of  ten  years,  from  1S50  to  18o9  iocIusiTe,  wiiich, 
indeed,  wert  5  per  cent,  below  the  average  of  tbe  kst  fifty  yearfl,  but 
teem  to  correspond  pretty  well  with  the  rewnt  (Wd  present  recoEdflic! 
stutistice. 


On  ibe  high  ground  in  the  West  Riding  of  Yorlwhirei  it  is 
50  inches;  at  Leeds,  midway  across  EnRland,  31  inches;  end 
at  Patrington,  in  the  East  Riding  of  Yorkshire,  aomething 
under  t!l  inches-  At  Seathwaile  we  have  elready  stated  that 
the  fall  is  IS7  inches,  and  a  few  miles  off,  nt  Bishopwear- 
tQouth,  in  Durham,  on  the  other  side  of  the  moors,  ic  is  only 

j      17  incbea. 

'  It  JB  aufBcient  to  study  any  tahle  of  the  amount  of  rain-fdl 

iu  various  localitieg  in  England  to  perceive  the  entb'e  depen- 
dance  of  the  average  on  local  conditions.  The  air  comea 
loaded  with  inoislure  from  the  Atlantic,  and  if  it  is  met  when 
in  tbis  state  by  a  mountain  side,  it  is  chilled,  and  htiiLvy  rain 
falls  almost  iccesaimtly.  If  it  passes  over  a  plain,  or  up  a 
wide  valley  tomirds  bills  in  the  ititfii'ior.  the  fall  on  the  coast  is 
moderate,  and  in  the  interior  of  tho  country  great<:F.  If  a, 
reaches  the  east  side  of  tbe  island  wiihoat  much  interrup- 
tion ft'ora  bills  it  relaing  its  vnpuur,  but  this  rare]y  happens. 
Still  the  averages  of  the  eastern  counties  of  SuHses  ftnd 
J^orfolk  (303-  inches  each)  are  noi  far  from  the  averay;e  of  the 
central  coimty  of  Leicester,  2'Jj  inches,  and  hi^'ber  than  that 
of  the  south  of  Derbyshii*e,  and  parta  of  Shropshire,  "where  only 
2i  inches  falL 

The  greatest  quantity  of  rain  in  the  Bri  tish  islands  generally 
falls  iu  ihe  months  of  October  and  March— the  smsUest  guau 
tity  in  Fi]brujiry.  Kaio  falls  on  a  very  large  uomber  of  days 
in  comparison  ^vlth  the  countries  of  continental  Europe. 

Bearing  iu  miud  these  amounts  of  rain-fall  iu  tbe  British 
ialanda,  it  will  be  easy  to  understand  that  in  the  interior  of 
continents  the  conditions  must  Yury  yet  more  considerably 
than  TS'ith  us,  and  that  tbe  apparently  capricious  and  con- 
stantly  cjhunginfj  tall  is  the  result  of  causes  familiar,  and  to 
some  extent  cslculabb.  Beginning  with  the  recognition  of 
zones  of  constitnt  pracipitation,  or  frequent,  if  not  constant 
rain,  a  little  north  of  the' equator,  where  the  rain-fall  averages 
about  a  quai'ter  of  an  inch  per  day  every  day  of  tbe  year,  we 
lind  on  tbifl  south  of  the  line  a  district,  having  a  rainy  season 
of  sis  montlis  and  a  dry  aeaaon  of  the  eamfi  duration,  orer  a. 
great  part  of  which  rain  rarely  falls  at  ui^^ht.  The  difference 
between  these  two  tropical  zones  must  be  sought  for  in  the 
general  diatrihution  of  tba  latitl  in  the  Jiortliern  and  sqiithem 
homiBphere.     >Vhile,  however,  the  northern  equatorial  dia- 

^—irict  is  remarkable  generally  for  almost  tiQ\wt'AViX  ^t<i»iVYAa.'  ; 
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tion,  that  port  of  it  between  ihe  east  coast  of  Africa  and  & 
line  running  from  Jajiiiu  to  New  Guinea,  lias  rainy  and  dry 
eeasons,  ami  ibo  raia-t'all  is  tliere  fttr  he9.>ier  tLan  els^whei-e. 
Tho  iliatrict  includes  a  vast  number  of  lari^e  and  lofiy  islands, 
and  the  wbule  of  Uie  south  and  east  coasts  of  Asia,  besides 
the  tropical  part  of  eastern  Afi'ica.  It  is  liraited  to  the  north 
bj  the  vast  moanlMn  clmiu  of  the  old  world. 

To  the  west  and  north  of  this  district  in  the  interior  of  Asia 
and  Africa  are  vast  regions  in  which  littlo  rain  falls.  These 
include  the  Siihrnu,  or  great  deSiSrl  of  AlVfca,  the  deserts  flf 
Arabia  and  Persia,  and  the  deserts  of  Beloocbistin,  Gobi,  an<i 
Thibet*  Five  millions  of  square  miles  pf  land  are  included:  in 
this  area.  So,  also,  on  the  west  of  the  great  mountain  cbam  Df 
America,  on  the  shores  of  fern  and  on  the  nortliem  part  of 
Mexico,  are  districta  of  great  length,  though  uarrow  breadth, 
where  also  rain  is  almost  nnknown.  To  the  norlb  and  south 
of  these  tracts  are  others  of  enormous  extent,  including  naost 
part  of  the  civilized  world,  where  rain  is  unperiadic,  but 
frequent.  In  these  tracts  there  are  indeed  some  portions 
almost  dry,  and  some  veiy  subject  to  rain ;  some  have  wet 
find  dry  feeasona.  These  depend  on  local  position,  and  we 
may  sa}',  on  the  whole,  and  in  a  general  way,  that  as  ws 
adfance  from  a  coast  line  to  the  interior  of  a  continent  or 
gfeat  island  the  riiu-fall  passes  more  or  less  gmdually  from  a 
nialiimum  to  a  miuimnm,  and  that  in  advaticiag  from  a  cold 
to  a  warm  climate  the  converse  may  be  asaertedt  the  rain-fall 
gradually  bet'oniing  larger  from  the  p^ilea  to  the  equator. 

The  amount  of  physical  force  eierted  in  the  phenomena  of 
evaporation  and  condensation  of  water  by  the  agency  of  the 
atmosphere  is  one  of  those  matters  easily  overlooked  and  very 
difficult  to  realise.  The  change  in  the  state  of  aggregation 
that  taltes  place  when  aqueous  vapour  is  formed  from  the 
water  of  the  ocean  and  carried  into  tho  air  reqnireg  a  develop- 
ment of  force,  compared  with  which  all  ordinary  forces  vanish. 
To  convert  a  pound  of  water  at  the  boiling  point  into  a  pound 
of  steam,  at  the  same  temperature  nearly  as  much  as  a  thousand 
times  the  i^uaiitity  of  lieKt  or  force  is  needed  that  would  raise  a 
pound  of  water  one  degree  F,  in  temperature.  But  this  latter 
force  is  equivalent  to  raising  Y72  pounds  of  water  one  foot 
highj  and  thus  the  conversion  of  one  pound  of  boiling  water 
into  vapour  is  equivalent  to  raising  74fk5!Jl  pounds  weight 
(nearly  IQiJ.OOO  galloaa  of  water)  one  foot  high. 
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estimated  rain-fall  on  the  laud  of  the  earthy 
assuming  the  genpral  averaf^es  for  tha  tropics  anil  temperate 
xotkes  that  are  most  accordant  with  obaervation,  is  not  niucli 
less  than  iiOO  millions  of  mllliaug  of  tons  weight,  and  if  lo 
alter  the  above  illustration  we  suppose  this  quantity  annually 
removed  from  the  sea  by  evaporation  and  deposited  on  the 
land,  we  shall  find  bj  a  slmplt;  c^alculatiow  that  as  much  as 
7,O0Cj  pounds  weight  of  water  are  evaporated  every  minute  on 
an  average  tlirougbout  the  year  from  each  square  mile  of 
ocean.  The  conversion  of  thia  into  vapour,  its  conveyance 
through  the  air,  and  its  re-coudensation,  involves  an,  expendi- 
ture of  force  equivalent  to  the  lifting  of  very  much  more  than 
1,500,000  millions  of  millions  of  pounds  of  water  oue  foot 
high  per  minute  of  time  during  the  whole  period. 

This  vast  and  almost  incredible  result  of  the  &un's  action 
on  the  earth  ia  altogether  iuiJependent  of,  and  ia  addition  to, 
the  force  of  gravitation ;  it  13  one  of  the  results  of  that  form  of 
motion  which  we  recognhe  under  the  name  of  heat,  but  which 
is  oertaiuly  resolvable  into  the  other  forces  of  elecifictty  and 
chemical  action.  It  is  a  fraction  ouly  of  the  real  amount  of 
force  exerted,  for  much  of  the  water  raised  by  evaporation 
from  the  ocean  falls  back  again  to  the  ocean  without  reaching 
the  land,  nor  have  we  included  the  amount  of  force  recimred 
to  transport  the  vapour  from  one  point  to  another.  It  is  a 
work  guiag  on  incessantly,  and  one  that  haa  probably  been 
going  on  at  nearly  the  same  rate  during  all  time.  Were  it 
not  that  the  total  amount  of  force  exerted  on  matter  is  always 
the  same,  so  that  it  is  only  the  mode  that  h&s  to  be  deter- 
mined, not  tiie  force  that  has  to  be  supplied,  we  might  well 
believe  that  the  force  would  be  in  time  eihausted,  and  that 
not  even  the  ^un  itself  could  endure  a  drain  bo  vast  and  bo 
peq>etual. 

lUin  in  all  ordinary  cases  results  from  the  eorapleto  con' 
denaation  of  aipieoua  va^iour  that  has  already  become  visiblPi 
cither  a-^  mist  or  as  cloud.  But  it  is  not  absolutely  necessary 
that  these  intermediate  conditions  should  be  passed  tlirou«rli. 
An  excessively  fine  rain  some  limes  falls  in  some  countrieB  iu 
a  clear  sky  during  the  fine  season  immediately  after  sunset. 
It  is  called  aere'm,  and  is  attributed  to  the  cold  resultin}j  from 
radiatioUj  produdng  immediate  condenaatiou.  The  elastic  and 
transparent  arxueous  vapour  itself,  warmed  during  sunshine. 
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begins  to  radiate  heat  when  the  sun  disappears.     The  results 
are  cold,  coDdensation  and  rain. 

"We  have  already  spoken  approsimatively  of  Ibe  quantity  of 
water  that  falls  on  the  land  from  the  atmosphere.  Its  iimijimt, 
ae  estimated  from  the  obsen'ed  averages  of  rain-fall  in  different 
parts  qf  the  world,  mar  be  stated  as  folloTvs.  The  totalfi* 
though  mere  approximations,  are  not  without,  value  in  refer- 
ence to  the  uses  mude  by  nature  of  these  large  supplies,  and 
the  importance  of  local  position. 


North  pad  &outb  torrid  zD&e 
Jiurtb  temperate  tove  .  . 
South  tempernle  zone  ,  . 
Nortk  and  south  &igid  zoae 


We  have  already  had  occasion — anticipating  in  some  measure 
rhe  reaultg  of  the  present  chapter — 'to  point  out  the  mode  iu 
which  thig  qiiautity  of  water  la  carried  back  to  thiG  parent 
ocean.  A  largp  proportion  runs  off  directly  in  atreama  anl 
livei's,  a  large  fort  is  re  evaporated,  and  the  i-emainder  dis* 
appears  for  a  time  in  the  interior  of  the  earth  to  re-appear  in 
springs.  After  worliing  it3  way  through  the  earth,  this  finui 
reaiduum  feeds  the  rireis  with  additional  supplies. 


AiBaofiBiid 

Total  annual  nUn-ral] 

In  oqjaie 

111  [qltliniiH  cT 

Id  1011110111  of 

mll'fis. 

cubic  Ueu 

ton?  wdgljt 

11>,'lO0,0O0 

4,2S2,750,(XI0 

lli^,500,0(M 

25,lo0,(>00 

3,ieo.oOt>,<:x>o 

60,000,000 

4,S&0,000 

£61,500.000 

7,300.000 

2,600,000 

7Uj25O,0CO 
6,775,000,000 

2,oou^ooa 

61,500,000 

ias.8ooj000 

CHAPTER  XV. 
CLIMATE  AND  WEATHER. 

Clthate  is  a  very  coraplex  matter,  and  one  dependant  on  a 
great  Tarietj  of  conditions.  It  is  the  general  resultant  of  all 
those  atmospheric  phenomena  that  we  have  been  considering 
in  the  last  two  chapters,  and  it  therefore  includes  the  tempera- 
tnre  of  the  air  at  various  times  and  seasons,  the  range  and 
variation  of  temperature,  the  direction  and  force  of  the  winds 
that  prevail,  the  liability  to  storm,  the  amount  of  humidity  in 
&6  air  at  various  seasons,  the  quantity  of  cloud,  mist  and  raiii, 
the  distribution  of  rain,  and  the  varieties  of  electrical  condi- 
tion. These,  to  some  extent,  affect  and  depend  on  each  other, 
but  all  may  ultimately  be  traced  to  certain  general  causes  con- 
nected with  physical  geography.  Among  such  causes  are : — 
(1).  The  position  of  the  station  in  latitude,  {p.).  The  size  and 
figure  of  the  land  on  which  the  station  is  situated,  whether 
detached  island,  archipelago,  or  continent.  (3).  The  elevation 
of  the  station  above  the  sea.  (4).  The  position  of  the  land  on 
which  the  station  is  placed,  with  reference  to  the  neighbour- 
ing land.  (5).  The  position,  distance  and  direction,  magni- 
tude and  elevation  of  the  neai-est  continent.  (6).  The  nature, 
magnitude  and  direction  of  the  nearest  great  marine  current 
to  tiie  shores. 

Heat  is  a  very  essential  part  of  climate.  The  absolute 
quantity  of  the  sun's  rays  falling  upon  any  level,  unclouded 
spot  on  the  earth's  surface  during  the  year  would  depend 
strictly  on  the  latitude.  Provided,  then,  there  were  no  dif- 
ference in  the  quantity  of  cloud,  there  would  be  none  in  the 
quantity  of  heat  received  in  places  on  the  land,  provided  the 
ground  were  level  and  the  height  above  the  sea  the  same.  But 
though  the  heat  falling  on  all  such  places  might  corres^Qud, 
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the  qumttity  absorbed  and  available  must  depend  on  the  deer- 
neas  uf  the  ur  and  on  the  aoiL  Even  when  tbe  cDuditifiDt 
are  most  simple,  therefore,  places  iu  the  saroe  latitude,  anl 
flpparently  under  similar  conditions,  vary  greatly,  receiving 
and  retaining  different  amounts  of  heat.  Bui  when  it  is  coa- 
sidered  how  ruucli  h.eat  is  added  or  lakeu  away  l»y  hot  ot  oold 
wiods,  hnw  L-nnipletdy  some  places  are  sheltered  and  ethers 
exposed,  how  warm  are  mftny  sunny  slopes,  and  how  much 
many  valleys  lose  of  their  fair  proportion  of  aunahine, — how 
often  vttlley!^,  plains  and  hill-lops  are  swept  by  cold  wimls^ 
and  are  rapidly  cooled  before  the  heat  of  tlie  sun  haa  time  to 
penetrate  into  the  soil  and  rock  beneath, — the  iu«qualiti«s  <£ 
supply  in  different  places  under  the  same  latitude  will  be  seem 
to  be  infinite. 

The  quantity  of  heat  received  in  any  spot  ig  expressed  in 
figures  by  the  average  height  of  the  thermometer  during  ■ 
whole  year,  estimated  from  obseni-ations  made  daily,  and  ex- 
tending over  many  years.  For  tliis  result  it  is  necessary  that 
observations  should  be  first  taken  to  determine  the  times  of 
dgiy  at  whirh  the  thermometer  is  nearest  the  average  of  tte 
twtnty-fou]*  hours,  lliis  being  done  earefidly,  the  height  of 
tbe  thermometer  is  recorded  with  unfitiling  regularity  at  the 
same  time,  and  when  a  guffii-ient  numberof  records  hare  been 
kept,  the  average  is  struck.  Thus,  at  Greenwich,  the  average 
or  mean  tempemture  of  every  day  in  the  year  has  been  deter- 
mined from  observations  ranging  over  a  period  of  half  a  cen- 
tury, and  from  them  it  appears  that  the  mean  annual  tempe- 
rature ia  4^88*  F,,  this  representing,  therefore,  the  absolute 
beat.  Other  places  tn  Europe,  iu  the  samfi  latitude,  have  a 
different,  and  generally  emaller.  mean  ciiunal  teniperatare; 
for  the  situation  of  England  is  favourable,  and  its  climaEe 
warmer  than  that  of  many  towns  much  further  soutli  in  the 
interior  of  the  continent  of  Europe.  A  line  drawn  through 
all  those  places  in  Europe  whose  mean  temperature  is  43^, 
would  range  a  little  south  of  Greenwich  and  would  deflect  fery 
considerably  to  the  south  in  crasiiitg  Europe  towards  Aaia. 
Such  a  line  is  technically  called  an  isothermal  line,  or  line  of 
equal  heat,  and  marks  one  point  in  the  estimato  of  climate. 

To  make  up  thia  mean  annual  temperature,  however^  we 
have  some  months  of  cold  and  some  of  heat.  In  England,  at 
Greenwich,  the  avemge  tem]ierature  of  iTanuary  is  about  Sfi^*, 
Kad  of  July  nearly  U^*',  the  other  mouths  being  intermediate. 
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o,  again,  the  average  temperature  of  the  day  in  January^ 
nries  from  35^0  on  ih'?  9th  (the  coidest  day),  to  SHio  on  the 
7tb,  whkh,  mi  thi^  iLvi-rage  of  years,  ia  the  warmest-  The 
lean  teinpeifilure  of  the  dajs  in  July  ia  less  varii:'d,  cliaugiug 
tdj  fi'om  OIJ*'  at  the  beginning  to  65^"  towards  the  cud; 
ut  the  averages  ai'e  mado  up  in  etuih  case  of  a  number  of 
ifferent  amounts. 

Then,  agnin,  it  is  wai"mer  in  the  daj  when  the  sun  is 
bintug  tlwin  at  night  iJucing  his  abaence,  and  this  dif!i:Teaco 
[  often  considerable.  The  highest  and  lowest  teinperaturfa 
F  eftL'h  twenty -four  hours  beiug  reflf5rded,  the  difference  be- 
Fveen  them  shows  the  range  of  the  thermometer  for  the  day. 
*his,  also.  19  subject  to  averages ;  and  thug  we  hove  an  a^^erage 
Bily,  monthly,  and  annual  range,  aa  well  as  a  mean  annual 
Lnge  of  temperature.  All  these  require  to  betaken  into  con- 
deration  in  determining  and  compaiing  climates. 
It  is  hy  oliservatioua  of  thia  kind  that  wc  lenin  the  mode  in 
■hich  the  heat  je  distributed,  a  mutti  r  tliat  afri;;ets  climate  to 
n  extreme  degree.  The  mere  qunntitj  of  heut  notutiUj  re- 
eived  during  the  year  on  the  earth  at  any  place  is  uuimpor- 
Ittnt  in  its  influence  on  life,  compared  with  the  mode  iu  which 
the  distribution  is  eiJected  ;  so  that  one  must  juJge  of  climate 
loacli  more  by  the  ran-^e  of  the  thermometer  than  by  ita 
iverage  height.  It  would  appear  tJ3  he  an  established  fact 
mat,  cii:leris  paribus,  more  illness  and  death  occurs  wh^u  the 
tneaii  daily  temperature  in  Eugland  einks  btlow  -15^,  or  rises 
abave  65°.  than  at  other  timtis;  and  there  is  not  a  doubt  that 
it  wide  thermometer  range  greatly  increases  the  mortality,' 
pjid  modifies  all  tabular  statements  of  sanitary  condition. 

The  range  of  tempei-ature  may  be  eatimat^^d  either  in  re- 
apect  to  yearsj  seasons,  mouths,  or  days.  The  difference  is 
T^ry  great  between  winter  and  summer,  and  each  month  bus 
itfi  own  peculiarities,  but  the  daily  rauge  of  the  thermometer 
inai"ks  better  the  etfent  of  temiKirature  on  health  and  vegeta- 
tion than  any  other  single  fact- 

The  daily  range  ia  the  extreme  difference  between  the 
gi'eutest  heat  of  day  and  the  greatest  cold  of  night,  and  the 
average  must  be  obtained  fi'om,  a  series  of  oliseivations  ex- 
tended over  many  years.  ThtTe  are  no  meany  of  geueralising 
lin  the  scii^nce  of  (netoorologj'  without  abundant  faota,  and  the 
h(its  sxe  of  no  value  unless  the  instrumenLa  used  are  of  the 
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best  manufftcture.  find  have,  previous  to  use,  beea  carafi 
compared  with  knowu  statidarda. 

The  average  doily  rauge  of  the  thermometer  at  Green' 
is  rather  moi'e  thiiu  lU**  F.     In  the  month  of  Deoenaber,  Ik 
ever,  the  range  is  little  more  thau  half  that  flinouut,  wIk, 
during  the  months  from  May  to  September  incliiisiTe,  it  j 
very  much  more  tban  tho  menn,  aTeraglag  ihen  as  mucli  us 
20°.    In  other  parts  of  the  country,  especially  in  thti  eouUj- 
nest  of  Eogland,  both  the  average  and  the  extremes  are  miii  i 
smalUr. 

That  the  reader,  unaccnstomed  to  consider  this  statisticid  1 
way  of  stating  the  fact,  may  see  more  rlenrly  the  meauitig  and  1' 
value  of  the  di.ffereu<-e  of  t-liiuate  produced  by  a  difiercattV 
range  of  daily  tempeiature,  let  us  present  one  or  two  familiar  f 
examples  in  illustration.     In  London  and  the  country  ajr> 
it  is  not  unusual,  when  ire  rise  in  the  morning  and  WA- 
the  tbermometpr,  in  the  mouth  of  June  or  September,  to  fintl  I 
it  littlie  above  40°,  and  sometimts  it  may  not  exceed  SS".    If 
we  have  a  register  thermometer  to  refer  to  we  may  find,  {or 
the  state  of  our  gaiden  produce  may  show,  in  ibe  abseucfl  of 
such  an  instrument),,  that  there  has  heen  frost  duriu^' llw 
uigkt.     As  the  day  advaocea  the  sun  sbiu^^s  warmly,  and  to- 
wards two  o'clock  the  heat  becomes  couaid^rable,  the  iber^ 
mometer  rising  perhaps  to  70*".     Towards  sunset   the  hett 
diminishes  rapidly  ;  at  night,  if  the  sky  is  ckar,  there  will  l* 
rapid  radiation  from  the  earth,  the  cold  will  become  aevere, 
and  the  thermometer  wjll  fall  till  it  reaches  the  freezmg  point 
There  is  thus,  in  the  twenty-four  hours,  a  range  of  38**. 

It  may,  ]iouever+  happen  that  after  such  a  day  as  we  haw 
described,  clouds  will  cover  the  sky  at  night.  Under  tbesfl 
circumstances  radiation  ceases,  and  the  night  temperiitnra 
will  not  fall  below,  if  it  even  touch,  44".  The  next  morning, 
the  clouds  continuing,  and  the  air  being  calm,  the  whole  day 
may  paaa  without  the  tbeTraometer  lisiug  to  60".  During 
tins  day,  then,  the  range  will  only  be  G"*  instead  of  3ii*,  thi 
average  of  the  two  days  being  ^2"^,  made  up  in  the  wayjttft 
alluded  to. 

These  thermometer  differences,  theugh  perfectly  correct, 
do  not  agiee  iu  all  cases  with  the  evidence  of  the  sens**.; 
WTien  the  sky  is  covered  and  there  is  a  certain  amount  of 
moistore  in  the  an:,  'vrith  b  high  thermometer,  there  is  oftei^ 
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sense  of  chill,  while  with  fi  clear  sUv  and  Jry  ntmnaplieTe, 
Ui  a  low  thermometer,  there  is  no  feelhig  of  cold,  untesa  the 
ind  blows  from  some  cold  quarter. 

But  temperature,  though  very  imrmrtant  in  itn  influence  oa 
imate,  is  by  no  menns  the  only  element  fnr  coiisiderAtlrm. 
he  harometer,  also,  rocords  its  facts  couci-rniug  the  pressure 

the  air^  and  various  insti-um^nts  are  employed  to  register 
le  direction  and  force  of  prevailing  winds, 

Tha  pressure  of  the  air  is  as  constantly  a]tei*ing  under  the 
flaenct?  of  changing  temperature  and  wind  as  the  preesuro 
'  the  water  on  the  rise  and  fall  of  the  tide,  and  the  amount 

diflerence  i3  more  coaaidcrable,  more  ciLgily  detected,  and 
Qcb  roore  important  in  its  iuflu«nce  on  animals  and  plants. 
or  the  air  is  exceedingly  elastic,  very  easily  iifFecEed  by  every 
iuse  of  chanRci,  and,  in  return,  a  change  in  its  condition  at 
tee  aflectg  all  living  nature.  Just  as  there  are  tides  in  the 
B,  so  there  flfe  tidal  movemeutg  in  the  air,— waves  of  air 
Lssing  along  over  our  beads.  Sometimes  we  aJV  buried  under 
savy  pressure,  and  the  baroTueter  riaes  to  show  it ;  sometimes 
ie  are  under  the  hollow  of  tlic  wave,  the  pressure  is  for  a 
nae  greatly  diminished,  and  the  barometer  rises  to  an  un- 
Eunl  height,  The  au*  above  ua,  liriiig  verj'  elastic,  adapts  itself 
jstiLntflUfcoualy  to  all  these  changes,  and  healthy  jversons, 
eing  almost  equally  ndaptiihle,  do  not  perceive  them  except 
jy  tlie  aid  of  instruments ;  hut  when  out  of  heiilth,  or  when 
idvaDcing  years  remind  us  that  the  elaaticity  of  youth  is  gone, 
te  become  far  more  sensitive,  aud  ivquire  no  barometer  to 
nibrm  us  of  the  vicinity  of  east  or  south-west  windy,  aud  the 
Qtered  pressure  consequent  upon  their  advance  towards  us. 

The  position  of  any  place  with  regard  to  other  laud,  the 
elevation  of  the  adjacent  laiid.  and  the  vicinity  of  a  great 
leoean,  are  the  locnl  peculiarities  that  cblcHy  influence  the 
character  of  prevailing  winds.  Thus,  in  England,  the  land 
jsxtends  townrds  the  east,  north-east,  and  south  ;  high  laud 
llies  far  away  towards  the  south-east,  cold  laud  exists  to- 
wards the  north-uaat,  a  warm  ocean  lies  to  the  west,  and  huge 
imasses  of  ice  occasionally  float  down  iu  that  oce&u  from  the 
north  to  certain  limits  of  latitude.  It  ia  not,  therefore,  sur- 
prising thiit  east  winds  are  dry,  uorth-east  winds  generally 
dry  and  Cold  in  spring,  south-west  winds  warm  and  wetj  north- 
west winds  cold  sud  wet  in  sjiring,  and  pleasant  in  summer 
'  autumn,  and  south  winds  hot.     It  would  be  strange  if  it 
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were  otherwise.  Oa  the  other  hnud.  at  New  Yoik  the  coii* 
trary  conditiona  prex'&il ;  east  tlinre  CorT'espotids  vrith  v;f&, 
hery,  west  CDri'eHpquil9  wilb  our  eiLSt;  north-east  wind  tbyrfl 
comrs  over  the  ice  floating  down  from  the  North  Pole,  wMn 
Routh-west  wiiitla  come  across  the  dry^  hot  plains  west  of  thu 
Misaissipjii.  Bo  vrith  other  localities:  each  has  its  own  art 
of  winila ;  aoine  aie  dry  atid  horning,  soma  moiat  and  wftTm. 
some  cold  (whether  wet  or  dry) ;  and  in  all  coses  for  &  aimilflr 
reason,  namely,  that  the  wind  blowing  across  a  lai^e  tract  of 
the  earth's  surface  grsdually  acquires  certain  chexacteristicJ 
from  tlie  state  of  the  surface. 

If,  thf^n,  We  would  describe  a  clJniate,  we  cannot  «io  so  witboat 
alluding  to  the  nature  and  peculiarities  of  the  prevailing  winds. 
To  say  that  north-east  winds  prevail  in  the  east  of  Englfmd 
during  a  certain  aeasou,  is  to  charact'snse  that  season  as  either 
hot  or  cold,  according  as  the  period  of  th^e  year  is  snmnier  or 
winter.  The  east  winds  of  spring  are  cold,  and  generally  dry, 
hecause  they  pass  over  much  land,  giving  out  moistrtre  rathtr 
than  ahaorbing  it.  The  east  winds  of  summer  are  often  hot 
and  dr^,  because  at  that  period  Eni'ope  is  far  hotter  llan 
England.  The  Bodth-weat  winds  are  almost  always  waTm. 
and  wet  or  dry  according  to  the  temperature  of  the  land;  for 
hot  air  absorbs  much  more  moisture  than  cold,  and  therefore 
a  wind  fully  satuiuted  v;ith  water,  coming  within  the  influeocfr 
of  cold  earth,  deposits  rain  in  large  quantities;  while  the  same 
wind,  if  hlomng  over  land  heated  above  its  own  t^^mperatuTC 
becomes  relatively  dry,  being  ready  to  ftbeorb  moisture,  and 
affecting  animals  and  plants  accordingly. 

Bearing  m  raiud  these  remarks,  the  importajice  of  positjou 
S3  infiuencing  climate  ■s^ill  be  recognised.  There  is,  howftifer, 
another  point ;  for,  near  the  extreme  edge  of  a  continent,  and 
in  all  the  islonda  situated  near  the  border-land  of  a  continent 
and  a  great  ocean,  there  ia  inevitably  a  great  couteat  of  oppos- 
ing winda.  On  the  west  coaat  of  Europe,  where  Engtaud  is 
situated,  there  is  a  freqoent  meeting  of  wet  westerly  winds 
ivith  dry  easterly  winds.  Tlu'oughout  the  year  the  former 
change  but  little  in  temperature,  because  the  oceau  generaUy, 
and  the  currents  of  tkat  part  of  the  Atlantic  that  wash  the 
English  shores  especially,  retain  an  average  temperature. 
But  the  east  winds  are  much  more  changeable,  for  in  sum- 
mer they  are  often  intensely  hotj  and  in  winter  equally  cold. 
Curing  the  former  season,  heated  by  the  eai-th,  they  are  diS' 
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plficed  bv  the  cooler  west  winda  coming  from  the  sea  ;  during 
the  lattw,  the  manner  wpstei'ly  brt?ezta  a.re  displaced  by  thy 
Cold  eyst  wintb.  The  greiit  seat  of  these  crhiingta  is  the  fruige 
pf  land  nenr  the  ocean,  nnd  the  iskntls  Hiljacerit.  Her*-  the 
atorm-winds  hlow^;  on  these  shwes  the  battle  rngea;  and  ut 
^e  critical  periods  betweea  the  seasons,  in  the  montha  of 
Marcli  and  April  in  the  early  yenr,  and  of  September  and 
October  in  tbe  Inter,  the  result  is  eeea  in  the  so-called  eijui- 
noctifll  galtis,  for  which  these  parts  of  the  year  are  so  unfavour- 
ably notorious. 

I  Nor  is  tliis  the  only  result  of  the  opposing  windg,  Wheji- 
fcver  ■warm  and  moist  air  comes  in  contiict  with  otlier  nir 
polder  and  Hot  extremely  diy,  the  raised  air  is  unahle  to  re- 
lain  the  whole  of  the  moisture  in  an  invisible  form,  and  the 
iipater  eootaiued  becomes  visible  in  fog  and  mist,  if  it  does  not 
Call  in  ruin.  Thtis.  the  shores  of  Englnnd.  on  the  south  const 
jBspeciallj,  ere  enveloped  in  fog  during,  or  at  the  commence- 
jmeut  of,  the  etist  winds  of  spiing  and  antumn ;  and  eveu  iu 
leummer  a  Eudden  change  of  wind  will  often  ha  eshiluited  in 
.this  very  disagreeable  furnj. 

The  quantity  of  rnin  fulling  when  the  clouds,  formed  at  the 
iCOutact  of  winds  of  different  temperature,  are  unable  longer 
,10  retain  the  water  they  have  absorbed,  hfis  already  hiCen 
;£tated.     Ireland,  from  its  position,  and  Westmoreland,  Cum- 
^berland.  and  Wales,  from  their  high  land,  are  the  most  re- 
markable districts,  in  this  respect,  in  our  part  of  the  world. 
,1&  the  tropics,  where,  owing  to  the  mtich  higher  temperature 
of  the  earth  and  air,  the  quantity  of  water  carried  up  into, 
and  held  in  solution  by,  the  air  is  enormously  greater  than  in 
Europe,  the  rains  are  proportionally  heavier.     Climate  is 
gi'eatly  influenced  not  only  by  the  rain-fall,  but  by  the  pro- 
portion of  cloud  in  the  atmosphere ;   and  not  only  by  the 
amount  of  rain,  but  by  the  number  of  days  during  the  year 
on  which  it  falls,  the  amount  of  rain  that  foils  at  a  lime,  and 
the  mode  of  its  distribution. 

The  general  conditions  of  the  climate  of  England  are  not 
very  imfjivourable  in  these  respectE^  and  notwithstanding  the 
prevalent  impression  among  foreigners,  tliat  the  sun  never 
shines  in  England,  it  is  probably  not  far  from  the  ti*uth  to  say, 
tliat  there  are  few  countries  wb?*' e  each  day  of  the  year  c-outaina 
30  fnir  a  share  of  weather  on  which  it  is  safe  and  pleasant  to  be 
(Bed  to  the  air  as  our  own  island.     Owing  to  the  rouditions 
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alrcfldT-  aPttded  to,  the  nns^tr  %d  dars  putiiDj  doaded  is 
very  Utr^;  «o  )vge  indeed,  that  me  oa  vudlr  b^  tliBC  it  ji 
nwcb  lest  tbn  wee  haodfed  uui  nEtj-Are.  But  tlw  ^ufr- 
'^  of  dood  iv  rudf  BblBaeDt  to  hije  the  ^j  dming  tliB 
~  r  day,  except  daring  the  eqnhioctial  se^nas^  G< 
there  is  a  nuxtare  fA  Cur  and  tJoDdj  veaSlHr  ensj  d^; 

Uitfugh  we  do  not  dttssx  cDJojr  imiiitemLpCod  sraHfaxn^,* 

'  suffer  from  long-eontinTKd  nniaroari^Le  BcaKms.  Vjoo. 
ildom  lalls  so  heafily  as  to  do  miscfatef ;  and  %ew  parts  of  Uie 
cotiiitrr,  eicf'pt  those  near  the  Xtstl  of  the  aea,  soSer  serioaalT 
frtim  floods,  even  in  extraordiQarj  SHisons. 

In  this  respect,  sgain,  both  animal  and  vegatable  Hfe  ue 
faTonrabtj  inSiienced  bf  our  island  climat2.  While  in  the 
interior  of  Eorope  the  com  crojs  are  sametimes  much  beamier, 
Hmd  the  vine  ripens  its  ftmX  m  the  open  ur,  the  cold  of  vintef 
is  olten  intensei  and  the  smnmer  beat  scorching.  Oa  tba 
otJier  bund,  the  average  temperature  and  frequent  rain-fall  on 
the  western  shores  of  the  Cootinent,  and  especially  in  the 
elands  there  situated,  insure  a  penn^inent  clothing  of  regeU- 
on,  ffingularly  pleasmt;  to  the  ere,  and  by  no  means  un^fit- 
ftble  to  the  fkrmer.     The  clouded  state  ai  the  air  also,  while 

[it  keeps  off  heat  and  th^  radiation  of  best  &om  the  ground, 
( not  appear  to  be  unfavourable  to  the  growth  and  ripening 

Pof  many  veiy  valuable  crops ;  and  the  variety  of  ihest'^  crops 
fully  makes  up  for  the  increased  ecriaiuty^  Cut  more  Umited 
ritDge,  of  useful  vegetable  products  in  other  countries.  It  ia 
also  well  known,  that  almost  all  doraesticated  aniniiils  are 
most  healthy,  and  admit  of  fullest  development,  in  the  com- 
paratively  moiat  and  changeable  but  moderate  climate  of  the 
ooa&t,  than  ia  the  more  extreme  tempemtures  aud  more  rega- 
lated  conditions  of  the  interior  of  0  large  tract  of  land. 

The  electrical  condition  of  the  air  is  an  element  of  climate, 
which,  though  not  yet  measured  very  3ati3factorily,  ia  too  im- 
portant  to  paaa  without  notice.  The  conditioii  of  the  air,  re- 
cognised by  meteorologists  under  the  t^rm  02»7i*.  has  yet  to 
be  erplained.  According  to  Professor  Tyndall,  ozone  may 
Jje  a  peculiar  aggregation  of  oxygen  atoms.  Heat  dissolves 
thia  union  and  causes  the  ozone  to  vanish.  However  this 
may  be,  the  air  ia  certainly  subject  to  very  singular  antl 
important  electrical  changes,  marked  and  measmed  by  the 
methods  used  to  determine  the  preapnce  and  quantity  of 
ozone  in  tbe  atmosphere.     Dming  certain  seasons,  and  iu 


certain  pLices,  the  air  is  well  kuowa  to  become  highly  unfavoui- 
abU-  to  human  cnnstituLioDa;  or,  in  other  words,  it  so  acta  ou  the 
hiimnn  frume  as  to  induce  fever  tnid  other  diseases,  apparently 
without  refrrence  to  mechaniaii  impnntiea  contniued  in  it. 
Assuming  that  this  is  owing  to  some  determinable:  state,  aud 
combining  obsL-rvations,  it  would  seem  cleiir  that  the  mias- 
matic condition  is  generally  accompttiiied  by  a  peuuliai'  want 
of  development  of  ozone.  Tbis  may  be  nnderstood  to  mean 
that  tlie  air  is  tJien  in  an  exceptional  electrical  statSf  within 
the  pow^r  of  observation  to  record. 

In  tbis.  as  in  so  many  otlier  mattora.  the  vichiity  of  the 
ocean,  and  the  constant  freshening  of  the  air  by  mixture  with 
other  flir  that  has  passed  over  a  large  esteat  of  sea.  seems 
ferourable  to  life,  while  the  influence  of  a  large  tract  of  land 
ia  unfavourable.  lalands  are,  tberefore.  Cieleiis  paribus^  more 
hiialtby  tlifln  pla«;ea  fiif  removed  from  the  sea,  although  there 
is  no  doubt  that  some  islands,  especifllly  in  the  trupica,  where 
the  decay  of  organic  matter  is  extremely  rapid,  are  among  the 
least  bealthj  localities. 

Electric  storms  can  hardly  he  said  to  influence  climate  very 
much,  although  they  are  generally  regarded  as  leaving  the 
atmosphere  in  a  more  healthy  stale  tban  before  the  storm. 
Hail,  essetiiially  an  electric  result,  is  occasionally  produced  in 
the  iiir  in  all  cuuntriea ;  bail-titorms  of  moderate  extent  baing 
eliiefly  common  in  the  incinity  of  the  sea,  while  very  severe 
hail-storms  in  temperate  latitudes  Eire  more  frequent  in  the 
interior  of  a  contiueut. 

So  many  matteriii  combining  to  produce  a  certain  kind  of 
climate,  it  is  clear  that  even  in  lbs  same  very  small  tl■ac^t  of 
land  there  may  ht;:  diffetencea  in  this  respect.  How  great 
these  differeiiL'Ra  are,  and  how  many  varieties  may  he  found, 
even  within  a  very  short  distance,  can  hardly,  however,  be 
undoi'stood  Tiithout  much  careful  inquiry.  In  England,  the 
climate  of  Brighton  and  that  of  Torquay  are  well  known  V.t 
differ  essentiidly.  Ifl'he  climate  of  Rath  is  very  tUtTereat  from 
that  of  Cheltenliai^  and  Malvern,  again,  is  ditrercut  from 
both.  All  these  aro  quite  distinct  from  Harrogate,  and 
HaiTogate  is  diHiereut  from  Scarborough,  while  both  are  un- 
like the  lake  districts  of  Cumberland  and  Westmoreland.  It 
would  be  difficult  at  present  to  say  exactly  w!iy  these  differ- 

I       ences  exist ;  but  ths  fact  is  notorious,  and  the  full  Learing  of 

^— Buch  a  fact  is  es^tremely  important. 
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Tlie  climate  of  Europe  generally  is  more  extrenie  Xhm  that 
of  England,  and  tbat  of  England  more  so  Ihsn  xhat  of  Ireland, 
Tha  uuLlyiD^  lands — tlio&e  ueare&t  the  Atliuitic,  and  thosa 
mo^i  ixiinplettily  detailed — po&sesa  most  nearly  the  cliDiiit« 
of  the  ocean,  and  the  lands  fur  within  the  coiitiueot  exhibit 
itn  exact  contrast.  Wet  ivinds  blow  from  the  sea,  ftuil  m 
llifij  iidvance  inland  hecome  drier,  so  that  when  Lhey  reacii 
the  opposite  coiist  thej  are  the  driest  that  can  be  fell,  unlesa 
tLere  are  large  tracts  in  the  interior  covered  vitU  wter. 
Cold  ^inda  blow  from  the  Pole,  but  become  hotter  as  tbey 
near  equiitorial  land,  "ft'imla  hlowiii^  over  tbe  lofty  snovr- 
covered  Alps  are  always  cold,  and  tbo&e  coming  across  tba 
sandy  plains  of  Africa  are  always  hot;  but  as  lhey  advance, 
lhey  also  become  modified,  and  if  they  meet,  they  cannot  ftul 
to  inOueuce  each  other.  On  the  other  hnnd,  winds  blowing 
from  tb<3  warm  waters  that  crosa  the  Atlantic  irom  the  Gukf 
of  Mexico  are  fir&t  wet  dnd  hot,  and  only  hecome  cold  anddzy 
when  thej  have  crossed  mountains  and  discharged  in  the  fth&pei 
of  rain  their  excess  of  moisture.  These  inferences  are  so  ati- 
dent  that  they  only  require  to  be  pointed  out. 

And  it  i&  evident  that  these  simple  principles,  apphad  to 
other  less-known  lands  than  Europe,  must  be  equally  tra«. 
a»d  must  lead  to  Just  cDndusions,  Wheti»  on  the  east  cowt 
of  Australia,  north  of  Sydney,  the  west  winds  blow  like  n 
Hcirocco,  with  a  temperature  and  force  like  that  of  the  blosl 
from  the  mouth  of  a  vast  furnace,  >vhat  ia  this  but  au  iridjcii- 
lion  of  the  drj'nesfi  and  heat  of  the  intdrior  of  that  continent? 
That  lhey  only  eibibit  tbis  peculiarity  at  certain  seasons  ia 
e<jual  proof  that,  at  other  times,  the  interior  is  neither  so  hot 
nor  so  dry. 

Wherever,  then,  preralent  wuidfl  arc  characterised  by 
certain  pecuh'arities  of  condition,  whetlier  they  be  wet  or  drji 
hot  or  cold,  it  ia  certain  that  they  have  been  subjected  to  in- 
fluencea  vhich  nre  usually  not  difficult  to  comprehend. 
Climnta  is  so  aifected  by  them  that  iby  ijirectiou  of  a  inoun- 
toiii  chaiq,  scarcely  visible  in  the  horizon,  the  position  q{% 
larfjie  tract  of  diatwut  lowland,  the  presence  at  special  sessoTiB 
of  icebergs  floating  in  a  s^^a  a  thousand  miles  away,  or  the  fact 
of  a  current  of  water  croasiug,  by  a  marine  current,  some  ureal 
ocean  that  washes  the  shores,^- these  aje  tlie  simple  elemenlK 
frotrt  wliich  the  general  climate  of  a  country  may  be  deduced; 
while  the  level  of  the  fand,  the  coui-se  of  a  river,  the  range  of 
a  few  low  hills,  wLU  any  ot  tXie-oi  \i^  wi&cveai  \ft  -^TftiiacR  >!^ 


Kodifiofttion  euffioietit  to  filter  the  details  of 
affect  health  and  Tt-getaiion. 

if,  in  the  course  of  ages,  a  chanpe  should  take  place  iq 
any  cf  these  elements,  by  the  alterations  timl  are  corietatiUy 
being  produced  by  great  nattiml  forces  idways  nt  work  on  tins 
earlii,  it  is  clear  that  the  dimnte  muNt  imderj^o  a  correspond- 
ing modilicatiou.  If,  for  exnmple,  by  a  convulsive  movement, 
or  by  a  spriea  of  small  alteraiions  of  level,  ihe  Gulf  ttreani 
should  make  its  way  through  the  Valley  of  ihe  Mississippi  to 
the  great  lakes  of  North  America,— 'tli us  diverting  a  currei-t 
of  warm  water  that  now  cros^^es  the  AtlantiL^'and  removuig 
its  great  influence  from  Emoi»eHn  to  American  laiiilts, — the 
result  would  Ij9  lo  diminisli  very  considerably  lie  sveragB 
ADUual  teraperflture  df  all  parts  of  Europe,  lti.it  chiefly  to 
render  the  British  Islands  exceedingly  lejis  warm,  and  some- 
what less  wet,  than  they  are  at  present.  If^  at  the  same 
time,  the  lands  of  northern  Europe,  and  the  bottom  of  tiie 
Polar  Sea  itdjiiC'ent  to  tbeni,  were  elevated,  the  ice  that  now 
stops  tihort  of  Norway  minht  reach  permtmeutly  as  low  us 
Stiotlaud,  tind  parts  of  Europe  mij^ht  he  in  the  condition  of 
Greenland  and  Labrador.  An  alteration  so  cousideniljli^ 
might,  and  eertninly  would,  occur  were  tlie  comparatively 
smull,  but  very  possible,  changes  we  have  indicated  tarried 
out ;  and  the  greater  part  of  the  plauts  and  linimals  that  now 
ilouricih  must  either  find  fitter  plaice  iu  wanner  hmds  to  which 
they  could  migratef  or  be  destroyed  from  ihe  f&c^  of  ibe  earth. 
The  latter  result  would  seem  iuevitaUe  if  tliey  were  unable  to 
adapt  themselves  lo  the  new  climate,  and  were  prevented  by 
natural  obstacles  from  migrating  to  better  posicinns. 

On  the  other  hand,  if  the  Gulf  Htreiim,  continuing  to 
bring  worm  water,  not  only  crossed  the  Atlantii;;,  but  was 
enabled,  owiug  to  a  depression  of  the  plains  of  Europe  and 
nortlieni  Asia  beLieath  thp  water-level,  to  jiiiss  acioss  lo  the 
Poc^itic,  or  connect  itself  with  the  Mediterranefta, — thus  iso- 
lating; Europe,— the  temperature  of  the  smaller  lands  ibu^^ 
left  behind  Mould  be  coiisidtrably  liiffher  and  much  mors 
«q^able^  and  the  cUmatu  veiy  much  niuiKter:  rmu  would  be 
heavier  and  more  frequent,:  cloud  much  more  contimioiia ; 
fog  and  mist  incessant ;  and  wind,  perlmps,  much  leiss  troiiblts- 
some.  In  such  a  climate,  as  in  Norfolk  Island  in  tLe  aouthcm 
hemisphere,  there  would  be  little  of  the  vegetation  that  we  are 
now  fatniliar  with,  tut  a  rank  and  luxahant  growth  of  (^^tua 
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anil  grflsses  woiiM  oTemin  everything.  Even  palms  «n^  tree- 
fern^  might  wi'll  SoQiisb,  uDd  all  marsh  plnnts  n'ould  mdd[j1}' 
with  extreme  rapidity. 

And  ail  this  marrelloua  alteratioa  would  be  consistent  ffitli 
ft  very  smsdl  jntrciise  of  annual  tempt  rat  lire.  Tht-  winter 
woald  be  very  much  warmer,  and  the  suuimer  a  little  owtlar; 
the  days  woaM  rarely  be  hot,  aud  the  nights  never  eoU. 
Man  m'ght  and  would  r*main  under  such  fircurosttnces,  ae 
he  can  adiipt  himself  to  any  climate ;  but  most  of  the  othd 
anioial  inhabjtfint^  would  be  seriously  affected,  and  many 
quite  deslroyeil^ 

If  the  change  were  very  graduiil,  some  of  these  might,  bow- 
erer,  adapt  tliemsolves.  and  many  would  be  replaced  by  other 
tribes  brought  in  from  a  distance,  so  that  no  great  revolution 
need  tako  place  to  bring  about  a  mmlied  revision  of  the  nmniLxl 
and  vegetable  inhabitants  of  an  ei^^hth  part  of  the  land  on  tbe 
globe,  provifk^d  a  moderate  amouatof  alteiatiou  of  level  of  ILb 
kndi  were  to  take  place  within  a  period  of  a  few  eenjiiries,  or, 
at  t!ie  most,  in  a  few  thonsyiid  yeara. 

It  may  seem  t5mt  we  are  assuming  physical  impossibilities 
to  explain  conditions  that  never  diti  and  never  ivill  occur. 
So  little  is  this  the  case  that  chnnges,  fully  equal  to  those 
alluded  to.  may,  perhaps,  have  taken  plyre  since  mail  has 
been  introduced  upon  the  earth.  Very  much  greater,  but 
pei-fecilv  conceivable-  chnnfres  are  suggested  to  the  geolngwt 
when  he  begins  to  study  the  mode  in  which  the  earth's  crust 
has  been  forme  I,  and  would  esplain  the  phenomena  preeenled 
to  him  by  every  heap  of  gravel,  every  qunriy  of  limestoue,  imd 
evei7  pit  of  sand. 

Changes  of  climfite  and  changes  of  the  earth's  surface  are 
simultaneous,  and  hi>th  have  certainly  been  prodneed  ever 
since  the  earth  Mas  sulijecteJ  to  those  influences  of  air  and 
WDter  that  t^eern  to  us  essential  to  its  very  existence.  It  is  as 
elisy  to  imagine  the  air  always  perfeiily  still,  or  the  waters  of 
the  ocean  lo  continue  without  a  rip^ile.  as  it  is  to  suppose 
that  the  relative  level  of  land  and  water  biis  alwiiya  been  ihe 
same.  If  the  air  moves,  the  wat&r  is  dtPtnrbed  ;  if  the  wanes 
beat  on  the  shore,  the  coastline  ia  coodified^  and  if  the  land 
is  altered,  the  climate  is  adapted  to  the  change:  all  these 
movements  being  in  hnrmony  with  each  other,  and  all  inces- 
sant and  inherent  in  the  very  nature  of  things,  as  preseutetl 
Jbr  human  obsen'atioc. 
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Clitnate  is  interesting,  not  merely  iu  itself,  hs  nfTectincj  our 
feelings  and  health,  but  in  its  relations  to  the  wide  and  lixrge 
scieace.R  of  physical  geogmphy  and  geolog^f.  It  is  not  a.  qnps- 
tion  of  latitude  and  loiiftiuide,  for  the  south  is  rot  necessarily 
warm  and  the  north  cold ;  east  wind  does  not  always  bring 
rheumatism ;  the  south  ^vhn\  need  not  be  hotj  nor  is  the 
Bouth-west  always  accompunied  by  rain.  The  cHmate  also 
thai  now  charueteriries  unj  given  place  need  tiat  idways  liave 
prevailed  there.  At  flnothei*  time  it  may  have  been  much 
colder  or  much  hotter  in  tliat  place,  without  any  nlterntion  in 
the  position  of  the  eartli'g  axis,  without  a  different  quantity  of 
heat  having  radiated  from  the  snu,  and  without  assuming  that 
heat  was  formerly  coraraunicatod  from  the  interior  of  the  earth 
to  the  surface.  These  theoretical  assuniptioDS  may  h&ve  their 
interest,  and  may  or  may  not  h*  based  oq  sound  STridence ; 
but  the  mei'e  fact  that  the  climate  in  the  northern  hemis- 
phere was  once  warmer  or  colder  than  it  is  now,  is  not  of 
itself  evidence  that  ouj^ht  to  be  adduced  b\  proof  of  them.  A 
study  of  climate,  and  the  cnusts  of  climate,  will  remove  many 
apparent  difficulties  that  are  presented  to  the  young  geologist, 
and  will  give  s  rational  idea  of  certaui  conditions  that  every 

le  OLi^dit  clearly  to  understanil. 

But  climate  may  and  does  change  by  the  influence  of 
man  and  cultivation.  By  the  drainage  of  land  and  the  re- 
moval of  forests,  aa  we  shall  see  in  a  future  chapter,  the  con- 
ditions of  a  country  are  so  far  altered  with  respect  to  its  rain- 
full,  and  file  moisture  of  the  air,  that  tlie  temperHtnre  hecomea 
permnneiitly  affected.  It  ia  estimated  that  in  this  way  the 
mean  annual  t<.  mperature  of  England  is  2°  F.  warmer  than 
it  was  ft  century  since;  that  the  Eummer  and  winter  tempe- 
rature are  both  less  extreme,  and  that  the  rain-foil  is  gradnully 
but  eteadily  dirainiKhing. 

This  view  is  supported  not  only  by  generid  experience  and 
by  tradition,  hut  by  the  comparison  of  a  large  number  of 
actual  recorded  observations. 

Weather  is  the  condition  of  the  cKraatc  of  any  particular 
country  or  district.  It  varies  from  day  to  day  iu  most  parts 
of  the  temperate  zones,  but  in  the  tropics,  and   in   some 

Lsptjcial,  hut  limited  areas,  it  is  conatant,  and  may  be  endrely 
depended  on  dnriug  the  whole  dry  season. 
Let  us  endeavour  to  bring  together  in  a  naiTow  compass 
Bome  of  tho  cliief  peculiBLi'itiia  of  wtnather  aad  its  tU^w^ts^, 
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ficcQimtiii^  for  them,  ins  far  as  possible,  bj  reasonably 
We  mny  thus,  perhaps,  i>btaiii  im  inaight  i)ilo  tbis  a 
obHciirc  siibjd'ct.  1 

A  firjf  (bij  ill  a  fine  aeftson  i«  an  eTeiit  worth  r«CK>ii 
involvps  a  ^ootHj  vftHFty  of  conditions.  On  such  ^ 
hftv<'  II  bi'ij^bt  hUis,  but  the  sun's  ht-ftt  is  not  scorcft 
dwH  its  lijjbt  pmduc*'  a  painful  glare;  the  sky  is  d| 
the  clouiis,  if  fluy,  nru  light  and  high,  uot  sti't-aky  or| 
cumbrous  maasea  Juriug^  the  day,  tmd  towards  eieiii 
rl^ar  HW^y,  leaving  only  a  few  tliat  are  rosy  and  pial 
6et.  Tbt^  eolour  of  the  slty  is  blue,  but  not  too  intfl 
uot  extending  quite  to  the  horizon.  Distant  objectaji 
ble,  but  not  so  shiiqily  defined  as  to  appear  unusual 
The  atmosphere  h  Hiilly  henvy,  as  sho^ni  by  a  higb 
tho  barometf'T  ;  but  to  the  feeling3  it  ia  ligVit  auq 
Tb*^  air  ft  eliii  dry,  but  not  harsh,  containing  waterJ 
state  capjibb'  of  absorbing  more  thiiu  it  cnntiiins.  % 
perature  i^^  seasonal  dp,  uot  far  removb-d  from  the  avei 
perature  due  to  tbe  time  of  year.  There  is  motion  iz 
but  it  is  not  enouf^b  to  be  dialled  wind.  It  proceed 
rjiiinter  generaUy  faroiirable  for  fiii*^  weather  in  tb*' 
observation.  The  electricity  of  the  air  la  in  a  state  t 
biiura.  There  is  a  ftiir  supply  of  oione,  and  there  is 
turbanee  of  the  imHpietic  forces. 

An  average  number  of  &nch  days  as  these,  ocrurrii 
tervals.  si.'parated  by  cloudy  and  rainy  wenLber  of 
iluratioii,  and  not  accompanied  by  violent  and  toulinu 
plectric  or  mnguetic  storm,  or  sudden  ai:d  frequent  ct 
tho  tenaperiLture  mid  pressure  of  the  nJr,  cbaracterii 
season;  imd  sevejfal  fine  seasons  following  fach  other, 
a  cycle  or  period  of  fine  weather.  A  certain  ammmt 
trie  storm  and  hail  in  summer,  intervals  of  heavy  nil 
and  storm  near  the  Terufll  and  autumnal  equinoxes 
ftverngi6  of  siiuow,  frost,  and  magnetic  storm  in  wiiitt=r 
no  mtiHtia  incompatible  with  fine  aeasons.  During  such 
the  fruits  of  tlie  e:irth  ripen,  and  the  orditiafy  crop 
country  are  obtained. 

Bad  weather  and  bad  seasons  are  naturally  the  ( 
and  opposite  of  fine.  They  aUo  recur  occiisionally  h 
Mud  ahemate  with  fine  woatber  and  fine  seasoBS.  It  •( 
uunaturiil  if  this  were  not  the  caae.  for  it  is  the  result,  in 
as  far  as  we  kiiow^  of  the  lawa  igovemiug  our  earth  and 


The  general  average  of  the  wi-atho'r  for  n  country  or  a  dis- 
trict rejiresentg,  fairly  enough,  the  I'limate  of  the  district,  and 
in  this  Sense  it  maj  be  said  that  hitnily  any  two  places  a  few 
znilea  apart  have  precisety  the  same  climata  In  a  genfial 
sense,  however,  the  climate  of  England  is  apokeri  of  ob  one 
thing,  that  of  Fratict^  as  another,  mid  m  on. 

It  is  quite  conc^'ivHblo,  and  aveu  probable,  that  the  climate 
of  a  pSiLct'  may  in  the  oourse  of  &  cuiriparjitively  short  lime  un- 
Aer<io  a  change,  although  it  takes  a  lar^^e  number  of  observa- 
tions to  prove  it.  By  removing  the  treps,  draining  the  land, 
and  altering  the  crops,  r  certain  alteration  of  climate  is  neci-s 
aanly  induced*  inasmuch  as  the  average  tf.'mperature  and 
moisture  become  alteri^d,  arid  tbese  are  clitnatal  esseuUdlS- 

But  though  climate  may  change  or  h«-  changi-d,  we  may  flJ* 
mo&t  assert  il  as  un  ftxiom,  in  most  parts  of  thij:  world,  in  tem* 
pcrate  latitudes^  that  the  weather  miiat  change.  There  are 
places  where  these  changes  are  exieeJiugly  small,  but  we  mfiy 
safely  assert,  in  a  general  sense,  that  weather  is  cliangeable 
and  climate  uniform. 

Cliniutes,  as  we  have  seen,  are  different  in  different  places  ; 
whereas  the  weather,  thou[^h  changeable  in  any  onti  place,  may 
be  lliLi  same  at  the  same  time  in  many  places.  This  has  heea 
ftecertftined  hy  systematic  obssiTations,  commencing  by  pre- 
vious armngement  at  the  enrne  instant  at  a  number  of  stations 
iu  different  parts  of  the  woild,  and  continued  at  equal  inter- 
vals. Thus  it  waa  found  that  on  tho  morning  of  the  3rd  of 
February.  Ift4d,  rstin  wa$  falHnR  at  the  eame  time  throaghout 
nearly  every  part  of  the  United  States  of  America,  from  thi^ 
Gulf  of  Mexico  in  the  sowth  to  beyond  Lake  Superior  in  the 
Borth,  and  from  beyond  the  Miasisaippi  in  the  west  to  far  out 
in  the  Atlantic  in  the  east.  Over  an  area  of  at  least  a  million 
of  square  miles  there  wa&  for  hours  identical  weather :  and 
there  have  been  other  inatames  recorded  where  the  wholu  lajid 
of  Northern  Europe  has  been  under  tho  influeace  of  rain- 
clonds  at  the  same  instanti,  and  for  some  timo. 

The  weather  is  ofttin  extremely  different  on  the  two  Bides  of 
a  mountain -chain,  across  a  narrow  channel  occupied  by  water, 
or  even  in  (wo  localities  on  laud  a  few  milee  distant  from  each 
other.  It  follows  th/tt  while  there  are  causes  which  influenco 
woatber  of  e.^ceodingly  wide  operation,  there  are  othera  alto- 
getlier  local,  and  one  can  readily  believe  tliat  the  iudicationa 
will  ho  ,?omewiiflt  diHorent.     llio  p!:ogmiBtic&(.i.<in.%  wxd 
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causes  of  cb^n^^e  of  weather  must  evidentlj  be  studied  with 
refereoce  to  tliis  important  difference. 

There  is,  however,  n  third  condition  of  weather,  wheu  it  is 
neither  uniform  over  a  i\'ide  tract  nor  Vfuiable  within  namtw 
hmits,  but  when,  as  ia  the  case  of  certain  atomiSj  it  travels 
over  land  iind  sen  at  a  ueaily  even  pace,  oceupjing  and  affect- 
ing a  muTD\?  helt,  hut  within  that  belt  producing  eftects  in- 
diuating  the  exercise  of  enoimous  mechanical  force.  During 
the  great  circular  storpis.  or  cydones,  alluded  to  in  a  fonuer 
chapter,  the  weather  trnvels  along  in  this  inanncr,  as  a  de- 
solating hurricane  surroundiDg  a  comparative  lull.  While 
the  wind  of  the  hurricane  is  blowing  at  the  rate  of  sixty  cr 
eighty  milr^g,  nu  hour,  the  whole  storm  mov*s  oUj  geueriilly 
from  the  south-west  towards  the  uorth-east,  at  a  rate  not  ex- 
ceeding twenty  miles  an  hour.  ITie  signs  and  causes  of  this 
ti'avelling  weather  are  somewhat  different  from  those  of  the 
other  two  kinds. 

The  weather  is  essfutially  the  state  of  the  air  at  the  place 
flnd  time  of  observation,  and  change  of  weather  involves  tbti 
action  of  some  external  causes  altering  the  condition  of  the 
atmosphere.  But,  as  the  render  will  have  seen  by  our  account 
of  ft  fiDe  day,  this  involves  a  good  dejal.  The  actual  wefght  of 
the  air  above  our  heads,  "ihiR  pressure  of  the  air,"  ts  con- 
stantly vaiyiiig  frona  a  multitude  of  itifluences,  Tlie  temper 
raturf  of  the  air  olao  chimgea  every  hour  of  the  day.  The 
moisture  in  the  ai]- varies  with  the  tempera tnj'e.  The  electrical 
state  vai'ies  from  many  cansps,  and  affects  the  others  to  a  markcJ 
extent.  The  direction  of  lbs  wind  frequently  c-hanges,  brine;'- 
ing  new  currents  of  air  mth  altered  temperature,  and  in  a  dif- 
ferent electrical  state.  Eech  of  these  causes  and  results  of 
change  requires  a  special  inBtruraeut  to  mea-sure  its  amount, 
and  each  observation  has  to  be  regarded  in  its  bearing  on  all 
the  others. 

There  is  thua  a  great  complication  of  pheuomena,  and  no 
one  instiTimeiit  alone  is  suflidenC  to  record  the  elements  of 
weather.  "We  will  consider  presently  the  use  and  relatire 
value  of  the  various  contrivances  that  have  been  invented,  and 
are  commonly  used  ;  but,  beiWe  doing  so,  let  us  see  bow  far 
we  may  become  weather  prophets  without  any  instrameute  iit 
all. 

We  mfl,r  either  trust  to  oin"  own  observations  of  the  external 
world,  or,  wliich  is  better,  combine  these  with  notices  of  the 
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habits  and  instincts  of  ftmmiJs.  In  this  wny  any  one  can,  by 
care  and  attention,  come  to  possess  an  almost  instinctive  por- 
oeptioii  of  weatheir  changes. 

The  state  of  the  air  is  one  of  the  first  things  that  may  be 
studied  with  ndvantnge  in  reference  to  the  weathsr.  Those 
who  live  in  the  open  country  or  in  the  neiglibonrhood  of  tbe 
sea  can  readily  observe  this  by  the  appearaii'i'e  of  objects  near 
the  huii/on.  Tu  a  large  city  it  is  more  difficult,  but  even 
there  some  of  the  indications  iu*e  obtdned. 

There  is  Iiardly  a  roore  certain  prognostication  of  coming 
change  than  a  peediar  simrpness  and  cleamesg  in  the  outlines 
ot  distant  objects,  enabling  us  to  aee  more  of  them  and  to  see 
them  more  plainly  ihan  n-iual.  This  is  often  looked  on  by 
those  who  are  not  weiither-wi$e  as  a  proof  of  line  weather  in- 
stead of  changfl.  There  are  times  when  the  state  of  the  air  is 
such  as  to  bring  up  above  the  line  of  the  horizon  the  form  of 
objects  actually  below  it,  thus  producing  mirage.  Mirage,  in 
hot,  dry  climates,  is  not  necessarily  followed  by  chitnge :  but 
in  all  parts  of  nonliern  Europe^  and  generally  in  all  temperate 
climates  where  rain  falls  irregularly,  unusual  clearness  and 
irregular  refraction  are  followed  by  bad  weather  within  twenty- 
four  hours,  or,  if  continued  for  some  daya,  Berere  atorm  is 
almost  inevitably  al  hand. 

The  quantity,  mode  of  arrangement,  and  form  of  clouds,  are 
all  matters  greatly  to  he  looked  at  if  we  would  foretell  tbe 
weather  a  little  in  advance.  Very  light,  lofty  clouds,  ranginfr 
in  lines,  but  detached  from  each  other,  and  often  crossing  each 
other's  directions,  are  frequently  the  first  signs  of  change  and 
coming  wind  after  continued  fine  weather.  These  eirrus  clouda 
are  called  by  sailors  cat^'  talis,  and  the  sky  covered  with  such 
clouds  a  "  mackerel  sky." 

To  these  clonils,  generally  many  thousand  feet  above  the 
earth,  belong  tbo  halos  occasionally  seen  surromKling  the  sun 
and  moon ;  and  the  apptarnuce  of  auch  meteors  is  eousideied 
uufavourab!e. 

In  summer  they  announce  rain,  in  winter,  thaw. 

By  de^r<?ee  the  light  clouds  descend  aud  become  moro  prn- 
minent,  They  pass  either  into  heaped  iiiuss.es  of  vitmnhts 
cloud,  like  carded  cotton,  or  into  dense  hoiizontal  Mltfttus 
clouds,  forming  at  sunset  and  disappearing  at  eanriae.  Boih 
kinds  pass  into  grey,  formless,  leaden  clouds,  which  gyftdually 
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cover  the  whole  face  of  the  hearenB,  and  at  last  empty  them- 
aelves  on  tli6  earth  in  rain. 

A  veiT  sudden  alteratlan  of  form,  or  shifting  of  tbe  place  of 
clouds,  or  a  sudden  obscuratiou  of  the  sky  without  clouds  in 
motion,  it*  an  iudicfttion  of  a  state  of  the  air  genemily  beloog- 
iug  to  chaijgeable  weather.  When  ilie  rouud,  heaped  doada 
appear  earij"  in  the  morning,  they  often  gradually  dtsappesr 
as  the  day  advances,  and  after  nonn  the  skj  is  clear  i  bat 
when  they  come  on  after  noon,  and  incre^e  townrda  evening, 
obBCTiring  the  sunset,  they  generally  terminate  in  rain.  Any 
violent  and  rapid  motion  amoiigst  tbe  elouds,  one  proup  croae- 
ing  RDother,  owing  to  various  eurrents  of  air  at  differeut  aJri- 
tndea,  indicates  the  spproflch  of  chanrjeable  weather. 

It  has  been  determined  by  carefnl  obserrations  made  during 
balloon  aacente,  and  confirmed  by  -what  is  noticed  on  high 
mountains,  that  at  a  height  of  a  few  thousand  feet  above  Uie 
earth  there  is  a  stratum  of  air  in  ■which  cloud  is  often  prewDt, 
Bbove  and  below  whit-h  tlie  air  is  in  a  very  difi'erent  stale. 
This  strstum  lornis  a  kind  of  dividing  plane,  and  Lhe  tnoreiia- 
mediflte  changes  of  weather  no  doubt  commence  there,  while 
the  more  distant  altemtioiis  require  a  lunger  time  to  perfect. 

A  fine  sunset  is  a  valuable  indication  of  the  weather  of  die 
eucceedincr  day.  Tt  req^uires,  however,  Bome  experience  to  ap- 
preciate the  exact  &tate  of  the  {-Ifiuds  in  this  respect,  and  tbe 
probability  of  interference  by  changes  of  wind  or  teniperalure, 
Among  signs  of  fine  weather  an  eaily  and  heav^'  dew  has  often 
been  noticed.  It  bas  also  been  oi^served  that  bail  in  summer 
19  generally  preceded,  by  great  heat,  and  followed  by  cool 
weather. 

The  state  of  the  air  in  which  emoke  rises  Yertically  and  to  a 
considerable  height,  is  known  to  be  frequently  followed  by  fair 
weather,  whilst  the  opposite  state,  in  which  the  einoke  is 
beaten  down  and  refuses  to  rise,  is  unfavourable. 

The  direction  of  the  mnd,  and  the  direction  of  the  change 
when  the  wind  veers  ronnd,  are  among  the  most  valuable 
indications  of  weather  open  to  the  general  observer.  The 
quarter  from  which  wind  comeH  may  be  discovered  by  observing 
a  streamer  or  weatliepcock,  which  is  not  affected  by  treee  or 
buildings.  With  us  in  the  British  lahmils,  northerly  winds, 
whether  from  the  east  or  west  of  north,  axe  generally  cold,  and 
southerly  winds  warm^     Korth-easterly  winds,  in  Trinter  and 
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spi-iug,  fire  cold  and  diy,  but  in  summer  often  hot.  Nortli' 
■westerly  isinil^,  in  ordinal^'  aensons,  ?ire  fresh  and  pleasant  in 
Bumraer,  but  cold  and  wet  in'nr  the  pquiuox,  Soutb-xresterly 
winds  are  generally  warm  and  often  W(  t. 

Our  thief  gales  proceed  fioia  the  SW.  or  NW.,  but  some 
that  are  also  severe  come  from  the  NE.  South-eiisterly  winds 
are  rare,  lint  iji  summer  generally  wnrm. 

"Winds,  proceeding  froui  any  easterly  point,  proceed  over  a 
largo  espanae  of  land,  and  those  from  the  west,  over  wnter. 
The  former  are  (fry,  and  the  ktter  tharged,  T\ith  moisture ; 
but  it  someumes  happens  that  a  vi-ind,  after  proceeding  for  a 
long  time  acrosa  hind  or  water,  is,  for  some  reason,  thrown 
bock  again  in  a  contrary  direction  along  the  earth's  Burface. 
In  this  caae  the  apparently  dry  ireat  whid  ia  renlly  part  of  a 
wind  that  has  come  from  the  east,  and  the  apparently  djunp 
easterly  "ind  re^iOj  camgi  from  the  ocean. 

But  although  the  direction  of  the  wmd  affords  velu^ble  in- 
formation, aa  indicating  gecprolly  the  conditions  to  which  that 
part  of  the  air  haa  been  exposed  for  some  time,  the  mode  in 
which  it  changes  its  direciiou  would  seem  to  be  far  more  im- 
portant Rs  a  prognostication,  of  weather.  An  account  of  this, 
however^  belongs  rather  to  the  considemtjoii  of  instrumentiil 
iudicationi?,  as  it  involves  a  seriea  of  observations. 

A  largd  iimoiiut  of  weather  news  la  obtained  by  watching  the 
habits  of  atiinmls  and  the  conditions  gf  vegetation.  The  for- 
mer, especially,  afford  the  readiest,  and  even  the  surest,  proofs 
of  coming  chaoge  that  are  open  to  our  observatioii.  The  Eight 
of  birds  and  insects,  the  departure  of  fishes  from  their  usual 
Jiaunt8,  the  movements  of  cowa  and  sheep  in  the  fields,  or  of 
domestic  animals  in  the  house,  are  among  the  phenomena  that 
■will  occur  to  every  one  ;  but  they  can  only  bci  made  -use  of  by 
those  who  are  thoroughly  faraiUar  with,  and  minutely  observe,  na 
ture.  Wany  of  us,  indeed,  hare  our  own  instincts  in  thin  respect; 
and  there  are  cases  witliin  the  spheR!  of  general  knowledge 
where  humaa  beings,  our  friends  or  ourselves,  feel  without  si^e- 
ing  those  changes  of  wind  that  precede  or  accompany  changes 
of  weather.  Amongat  human  weather-iudicatora  are  the  mar- 
tyrs to  rheumatism  and  neumlgia ;  those  who  have  felt  the 
racking  pain  from  old  and  imperfectly-healed  wounds ;  thoRC 
from  whom  proceeds  the  dry,  consumptive  cough ;  or  those  who 
suffer  from  the  bronchial  irritation  (hat  no  artificial  atmosphere 
soothe. 
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All  these  conditiona  of  the  air  are  the  le^nlt  of  causes  which, 
if  clearly  uuderstoixl  in  ihcir  relative  importance  and  mixle  of 
action,  would  be  reducilile  to  direct  observation  and  calcula- 
tion. They  may  he  desciibed  in  a  few  words  as  Iwjing  depend- 
ent oti  the  pressure  of  the  air,  the  temperature  of  the  air — not 
only  at  the  surface,  bat  at  various  heights— the  dew-jiomt  or 
state  of  moisture  ol'  the  air.  the  rain  tall,  tho  clear  or  cloudy 
state  of  the  upper  air,  the  direction  and  force  of  the  wind,  the 
electrical  state  of  tho  air,  the  preaence  or  absence  of  ozone, 
and  the  magnetic  condition  of  the  earth  and  atmotpher'e.  lu- 
struments  are  in  use  by  means  of  Tvhich  all  these  matters  can 
Le  determmed.  These  lusti-uments.  to  be  of  any  value,  must 
not  only  themadves  be  good  and  accurate,  but  they  must  be 
compared  with  some  Jjxed  standards.  They  must  also  be  used 
systematically — either  always  and  ever)'Mbere  at  the  same 
hoiu^  of  the  day,  of  so  frequently  that  the  observation  of  the 
agreed  times  can  be  deduced  by  calculation. 

The  first  and  most  important  instrument  of  observation  is 
the  Bahometke.  It  ia  a  simple  contrivance,  consiBting  of  a 
column  of  mercuiy  placed  in  a  long  enipty  tube,  open  at  one 
end  and  closed  at  the  other.  When  inverted  in  a,  email  eisteni 
of  mepcurj,',,  the  fluid  mctHl  descenda  from  the  top  or  closed 
end  of  the  tube,  leaving  an  absolute  vaeuum  behind  it,  and  it 
co]itiuues  to  deacend  until  the  weight  of  the  mercury  in  the 
column  exactly  balances  tlie  whole  weight  of  a  column  of  air 
of  the  Jiame  si^^e  to  the  vecy  top  of  our  atmosphere.  It  k  a 
mode  of  weighing  this  column  of  air,  and  it  does  so  with  per- 
fect accuracy. 

When  properly  made  and  compared  with  a  etandard,  and 
not  disturbed,  it  is  alansst  impossible  that  a  barometer  of  the 
usual  kind  should  get  out  of  order,  and  quite  impossible  that 
it  should  fail  in  recording  correctly  the  facta  we  ought  to  expect 
fmna  it. 

The  barometer  tells  ns  one  thiug  only — namely,  the  pregaure 
of  the  air  at  the  moment  of  observation.  This  may  seem  to 
be  a  small  matter;  but  iu  temperate  climates,  an  alteration  in 
the  pressure  of  the  air  is,  in  fact,  the  most  accurate  indication 
of  every  important  change  that  takes  place  iu  the  atmosphere. 
In  climates  where  the  weather  is  Uttle  \ariable,  the  mercury 
in  the  bfirometer  rises  and  falls  iu  exact  ai^cordanee  with  the 
Bun's  position  above  the  horizon,  so  that,  in  the  tropica,  it 
might  serve  as  a  time-piece.     Iu  temperate  climates,  these 
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miuute  though  regular  changes  are  moBked  hj  other*,  more 
fioiisideraliie  mnd  less  regular. 

To  be  fkf  miy  vaUie  "S  a  weflther-f^auge,  the  harometer  re- 
quires IVequein  and  regular  ohsen-ation,  and  a  companaoii  wiih 
obseiTationg  concerning  the  tempeniture  and  the  direction  and 
force  of  the  wind-  In  the  normal  state,  or  at  the  commeuce- 
ment  of  a  series  of  observatinn^,  it  should  be  compared  with 
the  detjermmed  meaii  height  for  the  day  aod  place  of  observa- 
tiou  durhig  a  long  period. 

Assuming  that  \v<j  commence  right,  then  if  ths  mercury  falls 
aliglitly  liQt  steaddy  for  many  hours,  without  other  indii:aUon 
of  chttnge,  bad  wciither  will  follow ;  and  the  longer  it  is  de- 
layed the  worse  it  mil  he.  If  the  fall  is  sudden  and  conaider- 
able.  with  a  soulhwatst  wind*  and  the  mercury  rises  again, 
equallg  and  gales  of  wiiitl  may  be  looked  for  from  the  south- 
west, hut  they  may  soon  be  succeeded  by  fine  wetither.  If, 
while  the  mercury  falls,  t!ie  wind  veera  round  from  the  souths 
west  to  south  and  south-east,  severe  .s.torms  will  prolitdily  fuUow. 
If  the  fall  i?  very  inconsiderable,  but  the  thenuometer  drops, 
and  the  wind  changes  from  eftwt  to  north,  severe  storma  from 
the  north-west  will  probably  follow.  In  all  these  casea,  by 
constantly  watching  the  barometer,  and  coiuparing  its  move- 
meuta  with  those  of  the  thenmimeter  and  the  wind,  the  uature 
of  the  coming  bad  weather  can  generally  be  determined.  In 
north-easterly  weather  the  barometer  is  usually  high  and  the 
thermometer  low,  bo  that  storms  from  this  quarter  are  less 
clearly  indicated  than  from  othere.  The  same  is  sumetitnea 
the  case  with  north-westerly  wsather.  In  southerly  weather, 
on  the  contrary,  the  barometer  ia  \cry  sensitive,  and  falls  con- 
siderably. 

The  thenuoineter  i^  of  great  value  aa  a  weather- indicator ; 
but  for  this  purpose  the  average  temperature  for  the  day  at 
the  place  of  observation  must  hn  known.  A  temperature  con- 
tinued for  sorue  time  below  ur  abov  e  the  average,  is  an  almost 
certain  indication  of  change.  In  summer,  oleciric  storms  fol- 
low unusual  warmth  ;  ami  in  winter,  gales  of  wind  from  NN  W. 
or  ME.,  are  not  unlikely  to  succeed  a  low  thermometer  and 
almost  steady  barometer. 

The  direction  of  the  wind,  and  the  agreemeut  or  disagree- 
ment of  this  direction  with  the  average  of  many  yej^rs  at  the 
same  period  or  seaaon,  is  an  important  observation.  When 
rthe  wind,  in  shifting,  goes  rouud  iu  the  directiow  oi  tlcift 'cffiHia 
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of  a  clock,  from  north  hy  east  to  south,  or  from  south  by  west 
to  north,  the  change  mtiv  be  ItioUed  on  aa  not  uufavonrable; 
but  when  the  wind  "^ hacks*'  and  veera  fvora  north  Ly  way  of 
west  to  south,  and  from  south  by  way  of  the  east  towards 
north,  bad  weathef  may  be  expected  to  follow.  OcoftSioaBllv 
it  happena  that  north-west  winds  are  greatly  in  excess,  and  the 
result  of  this  is  hkaly  to  be  UDUsual  rain.  Settled  north- 
west wind  brings  cold  and  fine  weather ;  but  continued  west 
Had  south-west  wiutis  are  usually  followed  by  rain.  It  hu 
been  obfiei'ved,  that  a  prevaleuHje  of  we^lerfy  weather  near 
the  time  of  the  equinox  precedes  a  wet  summer  or  winter. 

The  coruscations  of  the  aurora,  indicating  magnetic  storms 
in  actual  progress,  ai*e  often  followed  in  our  latitudes  by  bad 
weather,  especiftUy  when  they  occur  in  aummer  and  autumn; 
but  the  precise  relation?  of  mFLguetic;  disturbance  with  weatber- 
dmngea  are  not  yet  fully  undurstood*  Indicstioas  of  those 
great  storms,  or  bupiieaues,  which  occaaiouallj  sweep  over 
limited  areas  with  ii're^istible  force,  aro  tolerably  certain,  and 
correspond  w  well  with  others  that  have  been  previously  aud 
eince  observed,  that  they  may  take  rank  ajnougst  settled  feels. 
Pecuharities  of  weather,  however  great  and  strongly  marked, 
must  uot,  eveu  wheu  they  extend  over  many  years,  be  assumed 
to  indicate  permanent  changes  of  climate.  If  we  look  back  at 
former  records  of  weather,  we  find  that  ni  all  times  years  of 
favourable  seasons  have  succeeded  each  other,  until  people  be- 
gin to  forget  that  the  contrary  may  happen ;  and  when  the 
unfavourable  time  comes,  we  are  by  no  means  prepared  to 
recognise  it  as  a  part  of  a  well-marked  series  of  events.  There 
is  no  doubt  that  Pharoab's  dream  of  the  lot  and  lean  kine  is  a 
propkecy  that  will  last  for  all  time,  aud  although  we  may  not 
be  able  to  foretell  the  exact  year  of  change,  the  general  fiujtof 
periodicity  of  weather  19  clearly  established.  The  time  may 
come  when,  by  a  sufficient  experience  arising  from  loug- 
recorded  accurate  obsen-ations,  the  evil  day  may  be  more 
nearly  auticlpttted,  aud  some  of  it8  jnost  aerlous  cous&queuoes 
evaded. 

IJiit  such  and  so  accurate  a  knowledge  of  the  laws  that 
govern  the  weather  as  to  enable  us  to  foretell  wliac  will  happen 
Home  time  in  advance,  is  neither  common  nor  easy  of  acipiifii- 
tiou.  A  mere  passing  glance  at  the  barometer,  without 
reference  to  tbo  statd  ol"  the  wind,  the  tempemtute,  and  the 
electrical  atateof  the  air,  atfordy  absolutely  no  iiitimatiaa  what- 
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Wbt,  inasirmch  as  tlie  Ijurometer  is  vaUiable  ouTy  in  corapiiriaoa 
)At\l  itself  at  n  former  tiuie,  huJ  with  facts  recordenl  by  other' ' 
intitrunjents.  A  preiiii]-tion  of  the  weather  from  meti}  atmos- 
pherie  appflamncesi  cflivfully  obaerveJ,  \s,  on  the  whole^  niueh 
morB  likely  to  be  correct ;  but  evtTi  this  ia  valaablu  only  as  far 
aa  it  brings  to  bear  experience,  reflectionj  and  the  exercise  of 
common  seuso. 

It  -will  also  appear  that  to  juJge  of  the  weather  a  week  iu 
advBTice.  liy  noticing  the  hour  at  T\'hieh  the  moon  becomes  new 
or  full,  or  by  obseiTing  the  wetither  at  sin;h  hour,  can  only  be 
a  very  va^iie  and  uncertAin  metliod,  subji.'ct  to  vurious  causes 
of  local  interference ;  even  if  any  such  hiw  of  luuHr  influence 
were  based  on  accurate  observiition  aud  long  experience. 

It  is  not  that  vduable  sugj^estioua  may  not  be  obtained  by 
ooll^cting  rules  based  on  these  auppoeitions.  All  obaervatit>u3 
— auJ  we  may  even  say  all  modes  of  connecting  obeervationg, 
so  aa  to  deduce  lawa  g^eueral  or  loca!^ — ^hiive  a  certain  value,  aa 
they  may  suggest  the  true  explanation,  even  if  they  do  uot 
give  it ;  but  we  wish  to  show  how  eoraplicated  the  problem  is, 
and  how  impOHsible  it  is  that  there  should  be  any  simple  solu- 
tioD.  When  the  weathi-T-benleii  sailor  or  the  old  ehepherd 
shakes  hia  head  and  prcignoaticKtea  a  coming  change  which 
ft^enis  to  le5!i  experii-ot^d  observera  altogether  unjustified  by 
any  appearances,  but  which  tuma  out  correct,  he  gives  the  re- 
sult of  a  life-long  obs*_TvatiDn  of  smsiU  signs,  of  the  nature  of 
many  of  which  he  h  liar<ily  aware  himaelf.  and  which,  in  fact, 
combine  ull  that  a  dozen  iustmraeQts  and  as  many  careful 
meteofologists  could  discover.  Exactly  iu  proportion  to  the 
experience  and  habit  of  cloae  observation  of  natural  appearances 
is  the  vfthie  of  such  an  opinion ;  and  this  is  nil  tliat  can  be 
said  for  the  meteorologist  also  ;  for  he  comparea  the  exjwriencK 
of  a  Urge  number  of  persons,  and  combines  thtir  results,  be- 
fore he  19  justified  in  espresaing  nu  opinion  ;  and  hJa  concln- 
aions  must  fiiil  should  he  negkct  aome  correction^  which,  how- 
ever small,  may  largely  iuiluence  the  resvilt. 

The  study  of  the  weathor  leads  to  tbo  consideration  of  eome 
of  the  highest  problems  and  most  remarkaUe  apeoiilationB  of 
physical  aetronomy,  and  connects  itstdf  directly  with  investi- 
gations conceniiug  light,  htatj  and  the  vitriouB  forma  of  eJtw- 
trical  action,  Like  all  honest  inquiri«s  into  natnnd  pheiio-> 
nieriA,  it  cofl^fnencea  with  observation  and  exporirai^nt  of  a 
simple  and  homely  kiud.     It  requires  that  &  \ftrg&  iiMBi\iib^  oV 
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facts  sHrmld  In?  recorded  ;  it  r arriefi  its  ijiquiries  tbrougli  many 
departments  of  knowledge,  apparently  little  related  to  esch. 
oLhtT;  and  it  lands  the  inquirer  at  kst  on  a  far  higlier  level 
Ibiin  he  originally  anticipate  J.  Hy  who  sets  himself  to  record 
weiither  mid  draw  doductioiis  from  his  obsenations,  is  no  trifler, 
and  bis  labour  13  not  bght.  Hie  must  not  onlj  daily,  at  the 
same  boar,  record  the  ri^snlt  of  his  observations ;  be  must 
make  the  necesaarj'  corrections,  and  bring  his  work  into  such 
a  state  as  to  compare  it^ith  what  others  have  done  elsewhi-re; 
he  must  himstlf  make  the  coraparisou  of  hia  own  with  other 
observiitioiis,  and  with  bis  oira  obsenatious  of  former  years; 
he  must  WHtcb  the  course  of  vegetation  and  the  habit  of  ani- 
mals, and  must  notice  carjefully  all  the  piirticnlarB  of  every 
nietforic  appearance  ;  he  must,  if  living  on  an  island,  estimate 
the  influeuGy  of  winds  and  ocean  cnrreuta,  not  only  on  hia  own 
shores,  but  a  thousand  miles  away  from  bis  place  of  obsetva- 
lion  ;  be  must  eslimate  the  influence  of  tbc  mountains,  plains, 
and  viilleya  of  the  adjacent  continent;  he  must  inquire  con- 
ceruing  the  snow  ami  froat  an  the  remote  and  gcarcdy  inhahitnl 
shores  of  the  polar  lands,  and  the  ice  set  free  from  those  limds, 
and  floating  on  the  broad  ocean ;  he  must  ever  be  ready  to  ac- 
cept and  act  upon  the  slightest  hint  thnwn  out  by  nature  or 
by  his  fellow  observer;  he  must  hold  bis  knowledge  firtnly, 
tmd  hi?  opinions,  prejudices,  and  mere  impressions,  very 
loosely; — in  a  word,  he  must  be  patient  and  perBevering, 
always  ready  to  receive  and  record  facts,  and  always  cautious 
in  deducing  ol'  admitting  thfories. 

It  is  impossible  to  consider,  even  in  a  very  glight  di^«. 
these  phenomena  of  \vcalh«r  in  their  direct  rt;latio]i  on  the  one 
hand  to  the  aun  and  moon,  and  periodic  changes  in  the  con- 
slitutiuii  of  these  distant  bodies,  tmd  on  the  other  baud  to  cur- 
selves,  as  representing  the  highest  form  of  orgiuiistaion  vilii 
which  we  are  acqnainteiJ,  without  being  stiutk  with  the 
mutual  dependence  that  exists  between  the  material  and  im- 
material parts  of  tlie  great  Bystem  of  creation.  Distance  ani 
time  seem  annihilated  wben  we  watch  the  action  of  these 
mighty  and  myattrioLia  influenecs.  iind  we  may  almost  recog- 
nise the  reality  of  an  existenco  unhampered  by  ciateritil  im- 
pediments, when  we  find  an  instantaneous  response  of  our 
innermost  senses  and  sensations  to  a  material  stimulus  applied 
within  the  burning  atmosphere  of  the  sun.  Who  is  there  who 
has  not  felt  the  luiluence  of  dim&te  and  weather  cleuriug  up 
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or  obscuring  his  iiitellectuaJ  fftculties  ?  We  attribute  thi3> 
perhaps  correctly,  to  an  indiiL-ct  actioo  through  the  state  of 
our  health  ;  but  who  can.  say  how  much  of  it  may  not  be  due 
to  some  direct  action  hitlierti.)  uukno\vn,  proceeding  from  the 
great  source  of  motion  and  fojrce  in  oar  system  ?  It  would  not 
be  wise — nor^  indeed,  is  it  aofe  to  carry  epeculntion  far  in  such 
a  matter ;  but,  perhaps,  some  of  those  peculiarities  of  constitu- 
tiou  that  have  puzzled  and  distressed  many  persons  of  high 
nervous  orgauisalion,  really  owe  their  origin  to  a  mors  ready 
sensibility  to  real  but  indehaable  natural  forces, 

We  have  been  drawn  away  in  some  meaaurefrom  th@  imme- 
diate subjeet  of  the  weather  in  these  last  remarks ;  but  before 
concluding,,  we  hfiye  a  word  to  say  to  those  who  believe  that 
"  the  former  days  were  better  than  thesR" — supposing  that 
because  there  are  a  few  unfavourable  seasons  our  climate  had 
changed,  and  will  not  again  be  what  it  was  in  their  youth. 

The  tendency  of  fill  observation  on  climate  is  to  show  that 
it  is  Subject  to  a  number  of  periodic  chaugea ;  and  we  are 
fully  jiiatift'ed  in  believing,  not  only  that  the  periods  are  many, 
but  that  vre  are  by  no  means  acquainted  mih  all.  There  is, 
indeed,  no  known  exception  to  the  ptriodicity  of  everythhig 
connected  with  our  system  ;  and  while  a  few  years  will  probably 
suffice  to  reproduce  some  phenomena,  others  may  not  recur  for 
many  centuries,  or  even  thousaQd&  of  years. 

On  the  other  hand,  it  ia  equally  certain  that  no  absolute 
uniformity  of  wesither  ever  did  or  can  tjust  in  a  temperate 
climate.  The  climate  remaina,  but  the  weather  changes. 
This,  itfter  all,  ia  only  in  accordance  with  the  great  system  of 
nature,  which  involves  throughout  the  most  perfect  order  and 
method,  but  in.  which  we  may  recognise  the  elaboration  of 
order  aad  uajformity  out  of  au  flmcuuut  of  varied  detail  prac- 
tically "Unhraited. 
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FIRE. 


Ik  certain  parta  of  the  earth,  amongst  the  great  mouutuiu 
chains^  or  within  a  moderate  distatifie  of  ibem,  and  geDerally 
not  verj  far  from  the  ocean,  tht^re  are  conical  hills,  rising 
Bometimes  into  lofty  mountain  peaks,  rfmiirkable  not  only 
for  their  regular  form,  but  for  a  cup-like  depression  at  their 
Bummit,  and  still  more  TPniarkahle  as  being  composed  either 
of  loose  scorire,  or  of  coiileea  of  rock  that  haa  bt^en  poured  out 
from  the  1k)wc1s  of  the  earth  in  a  state  of  igneous  fluidity. 
Bucb  bills  or  mountains  arc  sometimes  grouped  and  some- 
times far  distant  from  one  anothtT.  They  are  of  all  heights, 
SOtne  certainly  existing  much  below  the  level  of  the  sett.,  and 
some  at  least  SS.OOO  feet  above  the  sea.  But  their  essentia] 
features  are  the  same  every^vhere.  They  offer  a  singular  con- 
trast to  all  other  hills  or  mountain  maflsea  in  their  regularity 
■of  form,  and  in  the  rocks  of  which  they  are  composed.  They 
are  evidently  doe  to  some  action  going  ou  in  the  interior  of 
the  earth,  and  the  ashes  and  molten  rock  of  which  they  are 
formed  auiSciently  mark  their  origin  to  be  igneous.  They 
are  volcakoes.  They  are  not  confined  to  our  earth,  for 
similar  appearances  have  been  recogniaed  in,  and  are  oven 
exceedingly  chafacterifstic  of  the  moon  our  satellite. 

Few  things  in  nature  are  more  strikingly  dilferent  from  the 
ordinary  appearances  presented  at  the  earth  s  surface  than  a 
volcanic  district.  Few  things  are  more  alarming  to  the  acnses, 
or  more  suggoativo  to  the  imagination,  than  even  the  most 
insignificant  example  of  a  volcanic  eruption.  It  is  di^cult 
to  avoid  exaggeratmg  the  importance  of  phenomena  that 
appeal  bo  strongly  to  the  senses.  It  ia  difficult  to  under- 
stand how  8uch  convulsions,  Tshen  in  their  extreme  q^  in- 
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tensity,  can  avoid  breaking  up  and  ilestroying  dl  the  great 
landmarks  of  creatiou.  mid  obliterating  every  appeartiuM  of 
simple  mechanical  action.  We  see  ibut  thej  tnust  have  beeu 
going  on  during  a  vft.'st  period  of  time,  and  we  teal  bonindto 
attribute  the  accumulation  and  mthdifi cation  of  all  the  great 
masseiij  that  make  up  the  grt^ater  part  of  the  earth's  crust  to 
causes  that  are  connected  with  these  diBturhancea. 

But  let  us  look  at  the  subject  from  another  point  of  view. 
A  volcano  is  one  of  a  limited  and  even  small  number  of  pointa 
on  the  surface,  where  there  13  commanication  with  the  heatal 
interior,  A  crater  is  the  gullet  or  deiireaaiou  in  a  volcanic 
cone,  hy  which  the  heated  rDatt^3^  frpra  the  itittrior  h&3  come 
to  the  surface,  being  lifted  up  by  sonio  expansive  force.  Tlie 
heat  in  thi^  interior  must  have  been  great  enough  to  reduce  or 
melt  into  a  glass  a  large  proportion  of  the  materials  common 
lit  the  surface,  and  chemical  forces  must  have  been  id  active 
operation,  decomposiDg^  combining,  and  chan^ug  the  ordinary 
materials  of  the  earth*s  crust.  Out  of  such  a  crater  there 
n'itl  issue  st<^am,  various  gases  at  a  liigh  temperature,  ash^ 
or  fnigmeuts  of  all  sizes,  includiuj?  broken  filuia  of  glasBy 
scoriie  that  have  coated  bubbles  of  goa,  anil  burst  into  a, 
thousand  atoms  a.s  they  rise  into  the  air.  Very  large  rocka 
have  been  flung  out  fi-om  them  to  a  distance  of  miles,  as  if 
fmm  some  huge  piece  of  ordinance.  At  constdemble  intervals 
of  time,  and  sonjetiraca  without  notice,  the  steam,  aahesj  and 
racks,  thrown  out  from  the  crater  have  been  acoompauied  hj 
fouleea  of  molten  rock  issuing  Ilka  the  slag  from  some  great 
furnace,  and  thia  slowly  ftdvant:irig  over  the  surface  of  the 
earth  or  the  bottom  of  the  sea,  has  spread  itatlf  out  in  films 
on  the  ground,  or  collected  into  fisaures  and  cavities,  affecting 
thus  the  physical  features  of  the  district  in  which  the  pheno- 
menon has  taken  place.  It  is  not  too  much  to  say  that  phe- 
nomena of  this  kiud  are  at  once  terrible  and  indut-ntitil  iu  a 
high  degree.  But  it  is  important  to  leraeniber  that  they 
belong  to  the  ordinary  history  of  the  earth.  They  are  only 
exceptional  iu  as  far  as  ihey  are  coufiued  to  certain  Email 
districts,  and  witliin  the  districts  they  belong  to  they  esJiibit 
a  certain  reguhirity. 

Nor  are  there  a  uumbL^r  of  such  points  enipting  at  the 
same  time  in  the  same  district-  There  are  raany  volcauoes 
thiit  have  all  the  uswal  characteristics  of  burning  mountaina. 
but  from  which  no  eruption  has  takeu  place  witbiu  the  history 
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of  the  human  racBn  Tliere  are  others  of  which  we  know 
that  they  have  doue  terrible  mischiefj  but  uo\v  Ihey  ate 
apparently  eshfiuated.  Others  havo  only  fecenlly  erupted, 
after  an  interval  of  nidmown  duration.  Some,  again,  ure 
constantly  indicating  a  modified  activi^,  white  some  act  u« 
iaterv'ab,  but  with  iutenae  energ}'. 

There  is  no  doubt  that  some  of  the  great  volcanoes  aiiH 
craters  of  the  tarth  are  magniQceut  aud  terrihle  objects.  Of 
fill  of  them  the  crater  of  Kilauea,  in  tbe  i&knd  of  Hawaii, 
{Owhyhee  of  Captain  GimIc)  would  aeem  to  be  among  the  most 
remarkable.  This  island  may  he  compared  with  Sicily  in  size, 
but  its  volcanic  phenomena  are  on  a  far  grander  scale.  It  ib 
triangular  in  shape,  the  eidea  measuring  respectively  lOU 
miles,  S3  miles,  ami  70  miles.  It  would  seem  to  be  entii"ely 
volcanic:.  It  contains  three  lofty  voloanic  summita — Mount 
or  [Mauna)  Loa*  the  best  known,  beiDg  13,700  feet,  and  the 
others  nearly  14,000  feet,  and  about  10,000  feet  respectively. 
As  ia  the  case  in  Mount  Etna,  the  land  slope3  so  gently  to  the 
volcanic  cones,  and  these  are  so  large,  that  their  great  alti- 
tude is  not  recognised.  There  are  two  craters  on  Alamia 
Loa,  both  active.  The  higher  or  summit  erater  measiux;d, 
before  the  last  eruption,  I3,0U0  feet  by  8,000  feet  hi  its  larger 
and  smiillee  diometersj  aud  was  depressed  784  feet  below  the 
westet*n  side.  [ICilftueii,  the  best  known  of  them,  is  far 
the  largest  crater  on  our  globe.  Tliere  is  no  cone  of  ashes 
surrounding  the  crater  aa  in  Etna  and  Vesuvius.  The 
traveller  rises  on  the  gentle  slope  of  the  dome  to  the  edge  of 
the  pit  and  looks  down  a  depth  wliich,  before  the  last  erup- 
tioii  was  about  1,000  feet^  to  a  plain  of  bare  rock,  more  than 
a  miles  in  length — the  bottom  of  a  vast  amphitheatre  7^  miles 
in  circuit.  Betwema  the  ed^e  of  the  crater  and  tha  bottom  is 
a  wide  terrace  or  ledge  extending  round  the  whole  of  the 
interior  at  a  depth  (in  a  normal  state  of  tranquillity)  of  about 
650  feet  from  the  top  aud  340  feet  from  the  bottom.  The 
average  slope  of  the  dome,  or  central  part  of  the  momitain,  is 
only  (i«  ;3fl'  (leaa  than  Etus,  which  U  8"),  and  the  diameter  of 
the  bftse  of  what  must  be  called  the  cone,  is  more  than 
45  milps.  The  area  of  the  base  of  the  ooue  is,  therefore, 
more  than  double  that  of  the  ■wholu  area  covered  by  the 
lavfls  of  Etna.  The  regitiu  of  volcanic  action  ia  70  milen  iu 
diameter.  Indeed  the  whole  island  must  be  regarded  as 
within  the  area. 
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The  greai  pit  crater  ,of  Eilnnea  is  10,000  feel  in  length, 
and  has  an  avemge  lireadtli  of  7,500  feet.  It  ini^ludes  ao 
area  of  4  square  miles,  rq  area  sufficient  for  a  city  of  * 
hundred  thousand  itibabitanta*  At  one  extremity  thefii!  was 
some  years  ago  a  lake  of  toiling  lava  measuriaf^  1,500  feet  by 
1,000  feet.  This  was  the  ihroat  or  gullet  commTinicating 
with  the  iuieriuT.  The  rest  of  the  floor  was  covered  with  a 
imiltitude  of  cones  aud  craters,  but  is  constantly  changing. 
At  one  time  the  lavu,  which  is  remarkably  fluid,  rising 
nipidly,  filla  up  tbe  Trhole  vast  area  of  the  crater  to  the  height 
of  many  liundrt'd  feet  iibove  the  bottom ;  but  it  rarely  rises 
iK^fli*  the  top,  as  an  eruption  ttsually  takes  jpluce  from  some 
lower  point  oil  the  side  of  the  mountaia,  when  the  pressure 
has  become  sufficiently  great. 

Great  eruptions  took  place  at  Kilauea  in  1833,  1833,  and 
1840.  Between  the  latter  year  aiid  1855  the  whole  central 
area  of  the  floor  was  elevated  600  feet,  the  old  ridge  or  plat- 
form beiug  reduced  to  a  pit  ;iOO  feet  below  the  ceotfal  plat- 
form. A  gidlft  SCO  feet  ill  diiimeter  at  that  time  opened  to 
the  molten  rock  below  insttriid  of  at  the  old  lake.  In  1855  a 
visitor  oounted  80  lakes  of  fused  lava  on  this  platform,  aad 
observed  a  countless  number  of  conra.  This  was  in  tbe  early 
part  of  the  year,  aud  in  the  October  following  there  was  a. 
great  eraptiou  from  the  summit  crater  of  Maaua  Lost  20  miles 
distant.  This  crater  was  estimated  to  he  l'a,(J(W  feet  aboTe 
the  Bea.  The  lava  did  not  overflow  the  edae,  hut  burst  out 
nbout  10  milea  below.  This  at  least  was  the  case  with  tiie 
principal  stream,  which  soon  reached  BO  miles  In  length, 
with  an  average  breadth  of  3  miles,  and  a  thickness  of  from 
300  to  600  feet. 

One  of  the  points  of  chief  interest  in  the  Itist  eruption  in 
Hjiwaii  is  the  fact,  that  there  were  no  accompanying  earth- 
quakes or  other  disturbances,  and  no  eruptions  of  ash.  There 
is  no  record  even  of  steam,  nor  does  it  seem  likely  that  any 
gi'eat  amount  of  steam  can  have  issued  without  ejecting  a 
eert&TH  proportion  of  ashea.  The  absence  of  ashes,  and  of 
the  ordinary  phenomena  of  au  eruption,  is  a  ramarkable 
feature  of  the  great  volcanoes  of  the  island. 

A  voIcQuio  eruption  on  a  Urge  scale  generally  commences 
with  subterranean  uoJse,  followed  by  dense  volumes  of  smoke, 
tonaisting  almost  euth-ely  of  aqueous  vapour.  With  the 
smoke  and  vapour  are   mked   up   lapUltB  or  asheSj  which 
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have  been  already  deacribed  aa  fragmente  of  films,  cofltinf» 
babbles  produced  iluring  tbe  boiling  up  of  the  lava.  These 
all  together  rise  into  the  air  to  a  great  height  (ofteti  some 
thousand  feet),  spreading  ouG  ivben,  not  blown  aaide  by  ihe 
Twxnd,  and  putting  on  the  appearance  of  a  vast  palm  tree. 
The  CQnteTial  thus  thrown  into  the  air  is  Ho  abundiant  and  so 
light  that  it  reaches  into  the  upper  currents  of  the  iiEmos- 
phere.  It  also  continues  to  rise  from  the  cratt-r  for  so  long  a 
time  that  these  curreuta  have  time  to  sift  it,  as  it  were,  and 
distribute  it  in  miiform  beds,  some  of  one  size  and  some  of 
another,  over  an  area  amounting  to  thousands  of  square  miles. 
Thus  at  Coseguina,  io  the  Anclea,  an  eruption  commenced  on 
the  morning  of  the  SOth  January,  lt!35.  The  cloud  rose, 
ftnd  the  ashes  were  distributed  coutinuouslj  for  forty-eight 
hours.  The  fall  wFia  aohghtand  so  dispersed  that  not  till  after 
that  time  was  the  deposit  thick  over  the  aurroundino  country. 
The  air  remained  darkened  by  the  cloud  of  *,ihfis  for  thirty- 
six  hours  after  this.  It  was,  indeed,  so  dark  that  men  could 
not  see  each  other,  and  the  fowls  went  to  roost.  At  the  end 
of  that  time  objects  began  agaiu  to  be  recognisable  at  a  dis- 
tance of  10  or  I'i  yards.  In  this  state  the  air  continued 
tsTo  days  longer.  Afterwards,  for  twelve  daya^  the  light  svas 
BtiU  partially  obscured,  and  during  all  tbia  time  a  fine  im- 
palpable dust  was  falling.  All  this  happened  at  places  &0 
miles  south  of  the  volcano.  Tbe  powder  was  conveyed  in 
the  direction  of  the  under  currents  of  wind  to  a  distance  of 
700  miles,  at  the  rale  of  170  miles  per  day.  That  which 
reached  the  upper  currents  was  distributed  to  a  distance  of 
1,20U  miles,  in  a  direction  contrary  to  that  of  the  lower 
currents  of  mnd.  A  ship  a£  a  distance  of  1,100  miles  from 
the  volcano  sailed  40  miles  through  floating  pumice. 

Aecompanying,  or  rathor  succeeding  the  light  dust,  pumioe 
and  scoriffl  are  often  ejected,  and  very  large  fragments  of  the 
walls  of  the  crater  are  thrown  into  the  air  and  fwll  at  a  great 
distance.  It  is  on  reeord  that  a  mass  of  rock  roeasuring 
300  cubic  feet  (10  tons  weight)  was  once  projected  9  miles 
from  the  crater  of  Cotopasi.  also  in  the  Andes.  Smaller 
volcanic  bombs  are  thrown  in  large  quantities,  ftnd  fragments 
of  the  crater  wall,  some  tona  in  weight,  can  always  be  seeu 
bej'ond  the  foot  of  the  cone  of  Vesuvius  for  a  long  time  after 
an  eruption.     So  large  has  been  the  quantity  of  line  ash  and 
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flcoTJFB  from  Vesuviius  that  Pompeii  aad  Herculaneum.  Uo 
towns  At  llie  fool  of  the  great  cone,  and  flome  distance  amay, 
were  overwhelmed  duriog  the  great  eruptipn  of  a.e.  T9,  qdA 
remained  buried  under  thtto.  lost  to  eight  and  knowledge  fnr 
nearly  twenty  centuries.     It  is  usually  aJter  these  preliminaiy 
eru|*tion3  that  there  pouJB  forth  from  fissures  in  the  walk  &f 
the  volcano^  or  from  ihe  broken  edge  of  the  crater,  a  flood  of 
molten  rock  or  lava,     TtuB  is  sometimes  in  8uch  quantity  as 
to  cover  up  large  tracils  of  country.     Within  ten  weeks  at 
Jeast  40,000  millions  of  tons  of  fluid  lava  were  ejected  in 
Iceland  in  ]  78:1  during  a  short  eruption,  and  this  mass  wai 
spread  over  a  wide  area,  its  thickness  in  many  places  not 
exceeding   10  feet,   though  ia  others  amounting  to  dOO  or 
GOO  feet.     The  recent  lavas  of  Mauna  Loa*  before  alludeJl  to, 
are  on  a  far  grander  scale,  and,  as  already  observed,  they  flow 
out  without  the  oonvukive  movements  belonging  to  an  erup- 
tion of  Etna  and  Vescviua, 

Volcanoes  are  distributed  over  the  earth  iu  a  manner  which 
may  be  described  as  orderly  and  systematic.  Upwards  of 
four  hundred  principal  cones,  each  involving  a  group  of  smalkr 
conesi  have  been  described,  Many  others  exietr  and  most  of 
tlie  Dsnied  groups  occupy  a  large  area,  the  whole  of  which  is 
affected  t>y  Tolcanic  influence.  The  cones  themselves  are  m 
groups  \^'itbin  a  limited  area,  sometimes  isolated,  but  more 
frequently  in  systematic  arrangement  along  a  definite  aiis. 
All  those  which  ue  &hall  refer  to  at  present  have  either  been 
known  to  exhibit  activity  duriug  the  historic  period,  or  are 
presumed  to  have  done  so  upon  good  circrumstaDtinl  evidence. 
In  addition  to  the  volcanofiH  believed  to  have  been  active  in 
the  historic  period  there  are  many  doubtful  cases,  and  many 
of  which  it  may  be  said  that  indications  of  volcanic  actioa, 
nithin  a  comparatively  recent  period,  exist,  although  the 
evidence  of  recent  activity  is  inaufficient  to  justify  us  in 
ranking  them  as  recent  volcanoes^ 

In  noticing  ihe  diHtrihudon  of  volcanoes  it  is  well  to  recall 
attention  to  the  factalready  alluded  to,  thatmost  of  them  occur 
in  islands,  or  along  a  coast  line  near  the  sea.  The  exceptions 
to  this  general  rule  are  extremely  few.  The  following  tabular 
view  of  the  principal  groups  will  be  usefnJ  for  reference, 
although  the  Bubaequeut  notices  referring  to  them  will  not 
follow  iti  the  same  order. 


VOLCANOES. 


Position  of  TolcaEoes. 


AtlantJc  Ocean.     Northern  part  . 

,j  Centra!  part 

„  SoutlierD  part  . 

Gulf  of  Mexico — West  latiia  Islands 
Mediterranean — sea  and  coasts     . 
Eetl  Sea  and  African  tioast  adjacent 
Indian  Ocean  (west  side) 
Asiatic  Continent 
Asiatic  coasts  and  islands*     Stiuthern  part 
„  Eastern  part 

Eastern  Archipelago  and  Pacific  Ocean 
America.     Northern  Sieriea 

„  Central  series 

,,  Southern  series 

Antarctic  land    .         . 

The  actnal  tiiimber  of  volcatiic  vents  in  a  gj 
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not  of  itself  of  much  importance,  for  the  indication  that  may 
eeem  io  be  suggested  of  greater  volcanic  activity  where  there 
are  many  i:ones  ia  hardly  borne  out  by  the  facts.  The  dis- 
tricts witliio  which  the  number  of  vokanie  craters  that  have 
erupted  within  the  historic  period  is  very  largCj  are  aometimea, 
thouoh  u<n  always,  those  of  inferior  enerjiy,  while  many  where 
only  a  single  group  of  cones  is  recorded,  are  among  the  tno&t 
remarkable  on  the  earth.  Nor  muat  it  be  assumed  that  all 
those  nientioned  id  the  list  under  different  headingfj  iire  not 
related  to  ea«h  other  very  directly.  The  list  is  given  for  the 
convenience  of  the  reader  in  estimating  the  localities  marked 
by  volcanoes^  and  enabling  him  to  detect  those  where  no 
volcanic  phenometva  have  been  experienced. 

Referring  to  former  chapters,  in  which  the  position  of  the 
(^eat  enclosing  lines  of  moimtaiu  chains  and  oceanic  basins 
and  sub-basins  have  been  approximately  traced  (see  chapters 
V.  and  vii.  passiin),  the  reader  will  soon  be  able  to  estimate  thft 
value  of  the  facts  there  noticed,  and  their  bearing  on  the  impor- 
tant problem  of  the  earth's  early  hiatnry.  It  would  seem,  that 
almost  without  e.\ception,  the  vQlcanoea  and  volcamc  bands 
are  to  be  found  running  -within  the  various  basins  or  drainage 
areas  into  which  ihe  Burface  of  the  land  is  divided,  but  thaC 
in  some  cases  different  bauds  approach  and  iaterfece  v.lUx  ot 
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run  into  each  other.  Wherever  three  of  these  irregular  basins 
01601  ID  n  point  there  are  lofty  table  lands  and  mountain  peaks. 
Wherever  the  edges  of  two  come  together  in  a  line  there  is  a 
rid^e  or  mountata  chain  :  and,  geuerallj^  where  oue  of  ihe 
hasius  ia  octfaaic.  Rud  the  ridge  approaches  the  sea,  there  is  a 
line  of  volcanoes  marking  the  contact.  Where  the  great 
mountjiin  chain  does  not  everj-where  approach  the  sea,  as  in 
the  old  continent,  the  volcanoes  are  grouped  chietlj  where 
the  Eea  is  at  hand.  It  has  sometimes  been  ^uppo^ed  Umt 
volcanoes  are  distributed  partly  in  lines  and  partly  in  ctrcnlar 
groups.  There  is  every  probability  that  the  circukr  groups, 
which  in  almost  every  case  cousiat  of  groups  of  islands  in  open 
ocean,  are  but  the  Tisihle  points  of  eruption  of  extended  Unes. 
None  of  the  so-called  circular  groups  ai'e  so  large  as  some 
areas  within  knoTvn  HneSj  and  mcist  of  them  are  clearly  trace- 
able in  tbeir  mutual  relation.  M.  llallet  has  remarked,  that 
"  nearfy  all  ths  clusters  or  ctrtLilap  groups  of  volcanoes  are 
situated  in  the  ocean,  and  far  froni  continental  land;  they 
stand  on  and  are  i'ontiected  with  each  otber  by  oceanic  plateaux, 
rounded  snbraarine  lidgea,  ahaliows,  rocks  and  islands,  and  by 
similar  connexions  with  points  of  continental  coasts,  either 
mouutaiuous  or  volcanic"* 

The  great  volcanic  lines  nJ«y  be  described- in  a  general  way 
as  ranging  along  the  edges  of  the  great  oceanic  bashis.  The 
most  active  is  that  of  Java  and  Sumatra,  separating  the  China 
Sea  from  the  Indian  Ocean.  That  in  which  are  the  great 
craters  of  Hawaii  is  equally  remarkable.  The  next  in  point 
of  euergetic  operation  is  the  Me.\icau  group,  and  its  extendoa 
southwards  in  the  high  Andes,  on  the  weet  coast  of  South 
America.  The  Mediterranean  band,  extending  from  Asia 
Minor  by  some  islands  of  the  Eastern  Archipelago  to  Sicily, 
and  a  hand  on  the  western  side  of  the  North  Pacific  Ocean, 
may  be  regarded  as  eucceediug  these  in  importance.  The 
number  of  the  large  volcanic  craters,  in  snmie  of  these  localities, 
is  inconsiderable,  hut  the  eruplions  are  of  interest- 

Although  less  important  than  many;  in  the  number  of  the 
volcanic  vents  and  in  the  intensity  of  volcaoic  Hction^  tlie 
European  system  is  naturally  of  extreme  intprest  to  the  inha- 
bitants of  Europe*  It  includes  (J)  two  principal  volcanoes, 
one  (Vesuvius)  on  the  southeru  part  of  the  peninsula  of  Italy. 


*  BepOtt  on  Eartbqa'BkeE.    E^Lt.  Aflfoa^  Regorti,  1858,  p-  65.] 


.d  the  otber  (Etiia)  much  more  lofty  and  equally  interesting^ 
Bituated  ill  the  islaud  of  Sicily.  These  are  coonecteJ.  by  (a) 
the  group  of  the  Lipari  islanda,  which  are  constantly  in  ft  state 
of  semi-activity.  Tljey  are  also  probably  connected,  though 
teas  intimately,  with  (3)  the  volcanoes  of  the  G-reek  islands. 
All  have  Bhowu  more  or  less  activity  within  the  la^t  few  thou- 
eand  years,  and  must  be  ranked  among  existing  volcanic  vents. 
All  are  connected  with  the  earthquake  movementa  that  bavo 
disturbed  the  bed  of  the  Mediterranean  and  the  land  of  Italy 
from  time  immemorial.  Eruptions  in  one  district  have  been 
pi«ceded  by  earthquakes  in  another.  There  is  such  an  amount 
of  sympathy  between  two  important  veuts  that  one  answers  to 
the  other-  When  one  lis  active  the  other  ia  idle;  and  if  both 
seem  to  be  active,  it  is  because  neither  of  them  is  t>o  very 
seriously. 

Let  U9  now  consider  the  facts  connected  with  the  chief 

volcanoes  and  voicanic  groups,  beginning  with  those  that  are 

.    xieare&t  to  ourselves.     Of  these  the  south  Italian  group  is  the 

P  most  important.  It  e^Ltends  at  present  from  the  eea  to  the 
south-'mest  of  Sicily^  where  volcanic  eruptions  have  taken  plsice 
within  a  recent  period  through  the  whole  of  Sicily,  and  in  a 
belt  about  ft  hundred  miles  wide  to  the  foot  of  the  Apennines, 
behind  Vesuvius,  a  distance  of  about  three  himdred  miles.  It 
includes  the  great  volcanoes  of  Etna  and  Vesuvius,  and  the 
subordinate  but  active  volcanoes  of  the  Lipari  islands  (Strom^ 
boli  and  otberft).  But  it  must  also  include  the  semi-ejiLtijict 
volcanoes  of  Monte  Volture,  itkI  it  ie  difficult  not  to  include 
those  near  Rome^  another  hundred  miles  to  the  nortli.  The 
Tolconic  action  has,  in  former  timeB,  extended  much  further 
northwards,  and  still,  though  in  a  subdued  state,  reaches  to 
the  zLorthem  slopes  of  the  Apennines,  near  FArda  and  Modena. 
On  the  whole,  this  great  belt  must  be  regarded  as  nearly  700 
mflea  in  lengthy  ranging  about  400  miles  NW.  from  Veau\'iuH 
and  300  milea  SW.  from  the  same  central  point.  It  ia  more 
usual  to  consider  it  as  made  up  of  two  principal  belts,  one  near 
Etna  and  the  other  in  the  Bay  of  Naples. 

Etna,  from  its  great  elevation  (nearly  11,000  feet),  the  large 
area  covered  with  its  lavas  (120  nuJes  in  circumferGuce,  en- 
closing at  least  600  square  miles),  its  estremely  regular  and 
moderate  slope  (averaging  about  B%  and  the  contrast  it  afTords 
with  the  luxurious  vegetation  around  and  on  its  sides,  is  the 

^_  most  remarkable.     The  great  dome  rises  very  gradually,  and 
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tlie  eoue,  coataiiiing  ibe  principal  crater  at  its  summit,  k 
very  lufge.  The  lava  currents  are  mimerous.  reaching  in  some 
coses  15  miles  from  the  point,  of  oucilow,  with  a  breadth,  of  4 
or  5  iniles,  and  a  thickness  of  100  feet.  Ou  the  aides  of  the 
Toicano  are  nearly  a  humlred  suhordinate  cones  of  oshes,  some 
of  considerahJe  magnitude ;  one  of  them  is  upwards  of  700 
feet  high, 

Etna  has  heen  an  erupting  volcano  from  ifery  ancient  date, 
but  tlie  firet  disturbance  recorded  is  about  sk  ceoluries  before 
the  Christian  era.  There  are  recorda  of  about  fifteen  large 
eruptions  between  this  and  a.d.  79,  after  which  there  ivas 
repose  for  ISO  years.  Afterwards  there  were  several  small 
disturbances.  The  principal  eruption  of  the  fifteen  was  ia 
896  E.G..  when  a  lava  cuiTent  ran  24  miles  from  the  poiat 
Bear  the  summit  of  the  cone  to  the  sea,  and  entered  the  sen. 
with  a  breadth  of  two  miks.  After  the  eruption  of  a.d.  7-i 
there  was  quiet  for  154  years,  and  then  after  a  great  eruption 
a  further  rest  for  100  years.  After  the  eruption  of  a.d.  363. 
there  is  no  certain  record  of  disturbance  for  749  years.  During 
this  interval  Vesuvius  vms  eevend  times  active. 

One  of  the  principal  recorded  eruptions  of  Etna  took  place 
jn  1  Ifii),  when  a  large  lava  cuireut  reached  and  overwhelmed 
Catania,  In  13!2U  there  was  auotber  eruption  of  importance- 
The  next  dates  are  U08,  1444,  and  1447.  After  thia,  for  89 
years  the  volcano  waa  again  quiet. 

A  great  eruption  took  place  m  153(1  and  I537j  followed  by 
eartbq^u&kea  a  few  yesr^  later,  and  then  other  eruptions,  at 
short  intervals,  till  1G!9.  Between  that  and  1069,  when 
Catania  was  once  more  overvvLelmed  bj  a  vast  flood  of  lava, 
there  were  several  smaller  diaturbances ;  and  after  10fl9  till 
ITOJl  there  were  few  considerable  intervals  of  repose.  Between 
17011  and  1723  there  was  nothing^  important,  hnt  from  that 
time  to  the  present  tbere  has  been  always  more  or  leas  activity. 
The  last  inipoTtatit  eruption  was  in  1805,  when  a  considerable 
portion  of  the  noitli-e astern  side  of  the  great  cone,  and  one  of 
the  aubordiiiate  cones  (Monte  Froinentu),  were  split  by  a 
%vide  iissore,  and  lava  issued  which  ran  several  miles,  and 
threatened  to  destroy  several  villages. 

Etna  connects  witii  Vesuvius  bj  Stromholi  and  sevef*l 
other  islands  of  scons  and  lava  (the  Xjipari  gnmp),  ueari". 
north  of  the  great  volcano.  It  also  connefts  wiiJi  the  volcanic 
island  of  Pantelleria,  about  50  miles  soutU-west  of  Girgenti, 
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iihere  there  is  subdued  volcanic  action.  Stromboli  is  interest- 
ing, itom  il9  constant  activity.  It  is  a,!J18  fyet.  in  hfigbtj 
rising  directly  from  the  sea^  anJ  is  eutirelj  compoaed  of  lava 
and  3coriffi.  It  is  never  still;  but  no  important  eruptions  from 
it  are  recorded.  Between  Girgenti  and  Pantelleria  ia  a  shoal 
which  marks  the  position  of  Graham  island^  formed  by  &  vol- 
canic eruption  somp  years  ago. 

Veauvius  ia  the  principal  cone  of  an  important  volcanic 
district,  smaller  at  present  than  tliat  of  Etna*  aiiJ  less  than 
4/>U0  feet  above  the  sea.  but  in  the  highest  degree  inte- 
resting. The  actual  area  over  which  recent  volcanic  action  ia 
traceable  extends  from  Vesuvius  itself  to  beyonJ  Ischiii,  a  dis- 
lance  in  all  of  nearly  40  milea,  with  a  breadth  ofuearly  20  miles; 
but  theae  limits  do  not  include  the  outlying  points,  JMonte 
Vultnre  to  the  east  and  the  Pon^a  islands  to  the  west  (both 
Tolcauic),  whose  distance  asunder  is  150  miles. 

Vesuvius  had  long  been  in  a  state  of  repose,  and  was  not 
recognised  as  an  active  volcano  until  the  year  6;i  of  the  Chris- 
tifltt  era,  nor  did  any  great  eruption  take  place  till  a.d.  79, 
when  Pliny  vas  killed,  and  Herculaneum  and  Pompeii  buried 
in  the  erupted  ashes.  No  great  eruption  followed  this  for  134 
yeara.  After  a.d.  ii03,  the  next  eruptions  of  importauce  were 
io  47'2  and  512,  both  vety  gerioua,  lind  tlio  nest  after  these  in 
1139.  There  had,  ho^i-evei*,  been  intermediate  diiiturbances, 
Vesuvius  was  again  quiet  for  2lJ7  years,  during  whii'h  Etna 
erupted;  and  after  1306  there  was  an  interval  of  194  years. 
One  of  the  chief  eruptiona  of  modem  times  was  in  1631,  fol- 
lowed in  IU60  by  another,  very  remarkable.  In  10B'^  tJiere 
was  an  emptioo  which  greatly  changed  tlie  aspect  of  the  moun- 
tain by  destroying  the  former  crater ;  and  the  cone  was  again 
altered  in  iQi'iG.  During  the  oighteentii  century  the  erupuons 
were  frequent,  and  in  tht;  present  century  they  have  beeu  con- 
tinued. The  last  eruption  took  place  in  ItnOl,  whan  eleven 
small  cones  were  formed  on  a  fissure  9,000  yards  in  length ; 
and  the  ground  between  the  cone  and  the  sea,  at  Torre  del 
Greeo,  was  much  disturbed  by  eaithquakes. 

It  hag  generally  happened,  that  during  long  inter\iilg  of  re- 
pose of  either  Etna  or  Vesuviua,  the  other  volcano  has  erupted 
[       seriously,  and  on  a  large  scale.     It  appears,  also,  that  Ischia, 
which  has  been  tranquil  for  the  la^t  two  thousaud  years,  liad 
I       been  in  activity  duriog  tlio  repose  of  Vesuvius,  before  the 
^H£Jiiristia.Q  btsl;  and  thaL  the  numerous  cones  of  the  Pkle^toati 
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fields,  between  Vesu,\itis  atid  Ischia,  including  the  Soliktara, 
have  alwayis  taken  advantiige  of  the  iotervals  of  repose  of  lie 
great  volcanoes  to  exhibit  that  amount  of  activity  whi^b  baa 
belonged  to  them.  Monte  Nuovo,  one  of  these,  was  formed 
during  the  seventeenth  century. 

There  is  an  iiuporUnt  volcanLc  band  in  the  Greek  islands* 
It  ranges  sonth-eaat  from  near  Athena,  and  includes  SaDtoriu, 
where  there  has  been  (1866)  a  recent  submarine  eruption  in 
the  interior  of  the  enclosed  bay  of  cousiilerable  dimensions, 
apxmreutly  an  old  and  broken  crater.  The  bed  of  the  Medi- 
terrajiean,  between  Sautorln  and  Sicily*  especially  near  the 
eouth  of  the  Morea  (at  Cerigo),  was  greatly  disturbed  and 
elevated  during  tlae  period  thst  elapsed  between  the  erup- 
tion of  Etua  in  1 S65  and  that  of  Santorin  in  1 SG  G.  The  his- 
tory of  the  eruption  at  Santorin,  and  the  formation  of  islands 
and  promontories,  accompanied  by  a  shallowing  of  the  water 
in  the  Gulf  of  Sa;ntorin,  corresponds  closely  with  that  of  the 
production  of  Orabam^s  island,  off  the  coast  of  Sicily.  The 
Hina]l  islands  already  existing  in  the  Santorin  group  were  vo^ 
canic,  and  had  been  formed  iu  eoTnparati?ely  recent  times. 

Aaia  Minor  abounds  with  proofs  of  volcanic  activity  of  Bfl 
Tery  ancient  date ',  but  there  seem  to  be  no  erupting  craters, 
nor  have  there  been  any  within  the  historic  p-^riod.  In  the 
country  east  of  Smyrna^  indeed,  tbere  are  three  cones  of  erup- 
tion from  which  streams  of  lava  have  issued ;  and  as  these 
couea  are  coiuposed  of  gooriiu  and  stmid  at  a  very  sleep  slope, 
it  is  uot  likely  t]iat  they  can  be  very  aucient.  Many  of  the 
high  peaks  in  the  Taui-us  cbaia,  and  Momit  Elbiirg  itself,  thij 
giant  of  the  Caucaeua,  are  volcanic  in  their  origin ;  hut  they 
certainly  cannot  fairly  be  ranked  ae  among  existing  volcanoes, 
active  in  the  modern  period. 

Syria,  the  Holy  Land,  and  Arabia,  all  exhibit  volcanic  phe- 
nomena of  a  very  dii'ect  natare.  The  bordera  of  the  Ked  Se*, 
especially  in  its  southern  part,  near  Aden,  are  also  volcanic, 
but  offer  no  instances  of  erupting  volcanoes.  Eastern  Africa 
contauia  very  lofty  volcanic  couea  not  far  from  the  coast. 

Thewholeof  the  country  near  the  shoresof  the  Mediterranean, 
on  the  Africaa  shore,  must  be  regarded  as  free  from  any  recent 
disturbances ;  and  it  is  not  till  we  pass  the  Straits  of  Gibraltar, 
and  the  extremity  of  the  Atlas  mountaiii  chain  as  it  extends 
into  the  Atlantic,  tiiat  we  again  meet  with  volcanoes.  In  tiie 
group  of  the  AzoreSj,  the  inland  of  Teaeri£Fa  preseats  iia  with  I 
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noble  cone,  rising;  more  than  15,000  feet  above  tlie  aea.  ami 
with  a  crater  ot  no  ancient  date.  Lava  currents  hare  lloiTOtl 
in  cooapamLivelj  recent  times  from  this  cone ;  and  in  the  same 
island  tliere  are  not  !e^8  tlaan  six  other  cones,  all  voluanic, 
although  none  of  thecn  have  erupted  recently.  In  the  Canary 
Islands,  still  nearer  the  north-west  coast  of  Afrit-a,  there  are 
several  volcanoes.     None  of  them  are  in  actual  eruption. 

In  the  Cape  de  Verd  Islands  is  one  volcano  still  EicLEve,  and 
others  of  recent  date.  Not  far  off  is  a  part  of  the  ocean  where 
there  is  pvoof  of  recent  submanna  acfion  on  a  grand  scale. 
Further  on,  the  Island  of  Ascension  exhibits  a  mnltitude  of 
volcanic  peaks;  and  St,  Helena,  to  the  eouthwejit  of  Ascen- 
sion, has  similar  indications.  Nearer  the  American  siJe  of 
the  South  Atlantic  ia  the  voleauic  island  of  Trinidad,  and  to 
tlie  south  ig  Tviatan  dn  Cuuha,  both  Tolcanic.  Thus,  pam]lel 
t«  the  coast  of  Africa  there  are  many  proofs  of  the  existence 
and  recent  working  of  a  very  great  and  efficient  volcanic  acti- 
vity. Within  Africa  itself,  except  on  the  east  coast,  as  already 
descrihed,  there  sfcma  no  indication  whateverof  volcanic  energy. 
That  vast,  compact  land,  haa  been  brought  into  its  present 
position  withont  being  subject  to  the  convulsions  that  generally 
accompany  volcanic  action,  when  from  time  to  time  the  com- 
munication betvs'een  the  iuterior  of  the  earth  and  the  surface 
is  intercejited.     Australia,  in  this  regpecjt,  resembles  it. 

But  it  is  not  only  in  the  southerti  part  of  the  Atlantic  that 
volcanic  islands  are  recognised.  The  Icelandic  group,  near 
the  Arctic  circle,  and  that  of  Jao  Mejen  Itiland,  within  it,  are 
in  some  respectg  as*  iutcrestiug  as  the  Mediterrauoau  group* 
including  Etna  and  Veauvius. 

It  is,  indeed,  to  its  volcanoes  thAt  Iceland  owes  its  chief 
interest^  and  in  no  part  of  the  world  is  naore  terrible  evidence 
of  volcanic  agency  to  be  seen.  Most  of  the  greater  mountains 
of  the  island  nre  still  volcftnoes,  and  the  whole  island  ovses  iis 
birth  to  volcaniii  upheaval.  Hecla  is  the  best  known  example, 
and  this  chiefly  because  it  lies  to  the  south  of  the  island,  ai]d 
can  be  seen  by  passing  ships,  but  it  is  very  far  from  being  tha 
most  destnzctive  of  the  Icelandic  group.  It  is,  however,  njp- 
wards  of  6,000  feet  in  height.  On  an  average,  there  has  been, 
an  explosion  somewhere  in  the  island  every  thirteen  years,  begin- 
ning at  the  earliest  period  of  accurate  history.  A  targe  part  of  tli« 
interior  of  Iceland  ia  little  known,  and  rarely  if  ever  visited.  1 1 
IB,  no  doubt,  veiy  inacessible,  but  it  is  certainly  remarkable,  that 
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in  a  Ijinii  where  Lravery  and  eEterprise  have  never  been  wanting, 
a  ffigiun  some  8,0U0  square  nules  in  extent,  \yhvg  in  tte  south- 
east comer  of  tlie  island,  should  have  bean  so  litde  penetrated 
by  man.  In  that  wild  and  almost  untrodden  desert  stand 
'  some  of  the  moat  destructive  cratera  on  the  surface  of  tlie 
globe :  and  out  of  thia  eolitude*  seaa  of  molten  lava  have  at 
various  times  flcuwed  ov^v  thi'  iMiaturea  and  laborirjuslj  cultivated 
fields  of  the  inhabitanta.  Hills  have  been  tbrown  up;  watei'- 
coursea  cut  deep  in  the  hills  filled  to  the  brim^  and  long  reefs 
and  islands  cast  far  out  into  the  sea,  hy  tlis  successive  fiood? 
of  lava.  One  stream  ia  50  miles  long,  15  mile&  broad,  and 
(iOQ  feet  deep ;  and  it  has  been  cak'ukted  that  a  single  volcano 
in  that  wilderness  throw  out,  duricg  one  eruption,  50  to  60 
milliona  of  cubic  yards  of  materiaL  The  accounts  which  have 
been  handed  down  of  thia  event  present  to  us  a  picture  too 
terrible  almost  for  belief.  With  a  nide-spread  destructio  n  of 
the  land,  the  depths  of  the  sea  were  invaded,  and  the  fish  (the 
Icelanders'  ebief  means  of  subsistence)  driven  from  the  shore. 
The  flames  broke  out  even  tiirouwij  the  waves  in  the  line  of 
movemout  and  the  sea  was  covered  with  pumice  for  1 50  miles. 
A  thick  canopy  hung  over  the  island  for  a  year,  and  the  winds 
carried  the  ashea  over  Europe,  Africa,  and  America.  The 
■very  sun  was  darkened,  and  showed  only  as  a  ball  of  fire; 
while  frightful  hurricanes,  hail  storms,  thunder  atid  Lightnlngi, 
added  their  horrors. 

Hecla  is  in  a  Htato  of  almost  incessiint  disturbance,  either 
by  actual  eruptions  or  those  smaller  but  singularly  picturesijue 
acd  striking  pheuoraena  of  boiling  springs  for  which  the  island 
is  celebrated.  Tho  Geysers,  however,  bdoug  tu  the  secood 
or  Kuhdued  stajx©  of  activity.  Beyond  Hecla  is  Jan  Meyeua 
Islnnd.  where  there  are  two  volcanoes. 

On  the  continent  of  Asia  there  is  a  remarkable  but  rerj 
little  kno^^'n  lljie  of  volcanic  activity,  of  which  the  mountain 
of  Thian  Chan  {celestial  raouutaiu)  is  the  central  paii.  It  h 
grill  doublful  whether  they  are  true  active  volcanoes.  The 
cflse  is  far  different  on  the  southern  and  eastern  coasts.  The 
islands  near  the  Malay  peninsula,  commencing  with  the  An- 
daman group  and  the  Nicoljar  islands,  and  esteuding  thixiugb 
Sumatra  into  Java^  ura  all  volcanic,  and  the  volcanic  fore* 
attains  there  the  conditiou  of  intense  energy.  Along  the 
nhdle  leBgth  of  Java  the  volcanic  roduntaina  ai^e  so  close  tliat 
it  if*  difficult  to  distinguish  between  the  various  group:^-  This 
is  the  case  for  at  least  1 OCJ  iiiWt^,   \ti  s>iv5.  i^aai.  &>.&  -^tiVi^vaea 
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raifge  from  5,000  to  13,000  feet  in  heij*ht  above  the  sea,  A 
branch  of  the  volcanic  belt  proceeds  nonhwarda  through  tha 
PhilHppine  Islands  aridl  Formosa,  coiniecting  by  Japan  with 
the  Xurile  IslarifisanJ  Kamtchatka.  Another  hrauch  connects 
with  New  Guinea,  and  so  with  the  Auatralian  group  (off  the 
rastem  coaal)  and  New  Zealand,  where  Mount  Egmoiit  rises 
to  a  lofty  elevation  and  is  one  of  the  noblest  volcanoes  in  the 
P&e-ific. 

Of  Hawaii,  in  the  Sandwich  group,  oue  of  the  principal  vol- 
canoes of  the  islands  of  the  Pacific,  we  have  already  given 
Bome  account.  It  may  possibly  connect,  by  a  curved  line, 
with  the  Blarqnesaa  group  and  the  Society  laliiuds^  both  of 
which  are  volcanic,  though  the  cones  and  craters  are  leas 
considerable  than  in  the  Sandwich  Islands.  Across  the 
Pacific  we  have  the  volcanic  group  of  the  Galapagos  Islajidg  ; 
to  the  south  ia  Easter  Island,  and  much  further  south,  in  the 
Antarctic  Ocean,  a  large  tract  of  land,  perpetually  enclosed 
by  ice,  vomits  forth  fire  and  melted  rock  from  a  number  of 
lofty  volcanic  cones.  Grossing  the  comparatively  narrow  sea 
between  South  Shetland  Island  and  Cupe  Hoorn,  we  corap  to 
Tolcanoes  again  in  Tierra  del  Fuego,  where  there  are  three 
cones,  of  which  the  loftiest  is  nearly  7,000  feet  m  height.  In. 
this  maniifp  commences  the  mugoificent  volcanic  range,  which 
is  continug^  at  intervals  tlirougliout  the  vyhole  cbaia  of  the 
Andes  t.o  the  Rocky  Mouiitaina. 

The  northernmogt  of  the  Patngonian  volcanosa  is  in  lati- 
tude 54"  '21*  S..  and  the  nest  to  the  north  occurs  on  the  coai>t 
of  Chili,  in  latitude  4;i^o  S,  The  Chilian  range  includes 
about  twenty  volcanoes,  within  a  distance  of  about  700  miles, 
the  loftierit  uf  them  being  Aconcagua,  whose  height  is  33,200 
feet,  but  too  little  i^^  known  of  the  physical  history  of  this  dis- 
trict to  enable  ua  to  determine  very  digtincUj  which  of  these 
Tolcanoes  have  been  in  recent  activity. 

North  of  the  Chilian  range,  at  the  distance  of  540  miles, 
commences  that  of  Peru  and  Bolivia,  which,  in  a  distance  of 
300  miles,  presents  to  u9  twelve  vobianoea,  one  of  which,  that 
of  Viejo,  is  upwards  of  20,<i\}0  feet  in  height,  and  another  as 
much  as  22,000  feet.  About  bOO  niilurs  north  of  the  northei'D 
extremity  of  the  Peruvian  range  commences  that  of  Quito, 
where  seventeen  magnificent  cones,  ranging  from  1:3,000  to 
'^0,000  feet  aliovo  the  sea,  are  cro^vded  into  a  distance  whose 
extreme  leotjth  is  less  than  400  miies.  Amongst  \\i'4'4t, 
CotojMJiJ  throvi^  up  ilamQs  3,000  feet  aho^e  i\\q  ^tu^  ol  \^i* 


L-rater,  which  is  nearly  10,000  feet&lwfe  the  sea  lerel,  anditi 
bellowing^  are  heard  for  hundreds  of  mOes^  reacliing  ev^H  in 
the  manner  ^  ha  sails  upon  the  ocean  past  the  cci9£t  line  of 
this  part  of  Amenca,  In  this  portion  of  the  Andes  the  ntnhi 
is  for  the  Brst  time  distinctly  double^  and  ire  have  alresdr 
descrihed  the  loft;  plains,  bounded  on  each  side  br  tLea: 
gigantic  conea. 

Ftooi  the  Dortbera  eitremity  of  the  ^teru  iHiige  of  tlia 
Quito  TolcfuiQcs  two  branches  e:(teDd,  one  to  the  east,  connect- 
ing this  range  Trilh  that  of  the  West  Indian  Islands,  where 
ten  \olcanoes  liave  been  described  between  latitude  li'*  anJ 
ITJ"  N.,  and  longitude  61"  and  &'^^  W.,  the  other  formingtLe 
Guatemala  group,  which,  following  the  western  line  of  coast. 
first  of  South  America  and  then  of  the  isthmus  connecting;  tbe 
two  Americas,  commences  in  latitude  9o  35'  N.,  and,  in  a 
distance  of  400  miles,  preseoty  38  volcanoes,  some  of  which, 
fts  Coseguinn,  buve  been  the  seat  of  frightful  eruptions  within 
a  comparatively  recent  period.  The  southemmoat  of  these 
Tolcauoes  is  le&s  than  400  miles  from  the  northemmoat  of  the 
Quito  range,  and  that  furthest  to  the  north  is  within  150  huIps 
of  the  Meiican  series  which  extends  westwards,  and  coutaJes 
seven  volcanoes  iu  a  distance  of  -150  miles.  The  Guatemalan 
cones  are  most  of  them  under  iJlHOO  feet  in  height,  and  ai*. 
therefore,  lower  thim  ihose  of  Quito  to  the  south  or  Mexico  to 
tbe  north,  most  of  the  Litter  rising  to  a  much  more  cousider- 
able  elevation,  and  one  of  them  (Popocatepetl)  being  uearlv 
18,000  feet  high. 

From  this  point  rortbwarda  to  latitude  QB^  N„  a  distance 
of  rather  more  tbAn  4O0  miles,  no  volcanoes  have  as  yet  been 
described,  and  thence  to  latitude  tJO^  we  ore  told  oulyuf  ten. 
some  of  which  are  doubtful.  A  few  of  these  range  to  a  veiy 
considerable  altitude,  one  of  them,  Mount  Elias,  being  esti- 
mated at  nearly  18,000  feet.  In  this  latitude  the  volcanic 
range,  commencing  a  westerly  direcrtion,  crossea  the  strait* 
which  separate  North  America  from  Asia  by  a  multitude  of 
islands,  rising  to  very  different  but  often  considerable  heighu 
above  the  sen,  and  consisting  of  not  less  tlmn  thirty-fire,  be- 
tween longitude  lOGJf^  W,  and  ITO"  '^0'  E.,  a  distance  of  cjpIf 
000  miles.  From  the  westernmost  of  these,  which  are  the 
AleutiiUi  Islands,  to  the  coast  of  Kamichatka,  where  the  vol- 
cano of  Schiwelutch  rises  as  a  beacon  10,500  feet  above  the 
eea,  is  a  distance  ui  a,V>ouX.  %^<^  Km\^^«xui  there  appears  to  Im  a 
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HwreapondtDg  raugs  to  that  on  the  coast  of  South  America, 
commenciug  with  the  twenty-one  volcanoes  of  KamtchHtkn, 
between  latitude  51^o  and  S8o  K.,  and  continued  by  the  vol- 
canic series  of  the  Karile  Ishiiids,  already  alluded  to. 

In  many  volcanic  distiiett?  there  in  evidence  of  a  certain 
amount  of  subdued  or  diminished  uctivity  at  a  distance 
from  the  principal  points  of  eruption.  This  dying  out  of 
volcanic  force  is  generally  limited  to  those  places  where  there 
appears  to  have  been  more  energy  dispkyed  within  a  fom- 
paratively  recent  period,  and  is  therefore  an  interesting  part 
of  the  history  of  volcanoes.  There  is  no  record  of  voltanic 
di&turhance  having  actually  originated  in  any  part  of  the  world 
within  the  human  period,  nor  is  there  much  probahUity  of  such 
an  event.  All  the  evidence  seems  to  show  that  the  main 
directione  of  volcanic  force  are  coincident  with  main  elevations 
of  lund,  and  have  been  determined  from  a  very  early  period 
of  the  earth's  history*  The  instances  of  diminishing  action 
are  probably  due  only  to  slight  changes  iu  the  direction  of 
volcanic  activity,  owing  to  local  accumulations  of  material 
near  the  surface.  There  are  two  veiy  remarkable  illustra- 
tions of  inferior  volcanic  energy,  one  consisting  of  eruptions 
of  heated  water^the  other  of  the  phenomena  of  inud  volca- 
noes ur  salses,  as  they  are  8ometiu:tes  cilled.  Gotb  require 
uotice,  but  concerning  the  former,  there  lias  nh'eady  beon 
given  a  sufEciunt  account  in  the  chapter  on  s^krings. 

Mud  volcanoes  are  very  singular,  and  though  long  Imown, 
have  hardly,  perhaps,  been  tiufEciently  considered  in  their 
relation  to  decaying  vokarnc  energy.  They  occur  only  iu 
certain  limited  areas^  though  they  are  both  more  freq^ueut 
and  more  important  than  has  geuerally  been  supposed  by 
geological  writers.  It  is  probable  that  they  may  in  some  eases 
have  corarnenced  recently,  though  oto^t  recorded  instances 
are  Only  repetitions  of  old  outbursts.  Those  best  known  in 
Europe  are  comparatively  small,  but  there  are  others  of  large 
dimensions  also  recoi-ded.     Let  us  consider  a  few  examples. 

At  Patemoj  in  Skiily,  close  to  the  south-western  extremity 
of  the  Etna  lavas,  a  mud  eruption  took  place  in  the  mouth  of 
January,  IH(jt),  in  a  pinia  below  the  hJll  on  wliich  Paterno 
ia  built,  and  not  far  from  the  bed  of  the  Simeto.  It  iiom- 
meuced  by  a  slight  earthquake  and  the  outburst  of  il  strong 
jet  of  water  through  a  crevice  in  underlying  lava.  The  water 
at  first  rose  about  ma  feet  in  a  strong  jet^  at  boiling  tflm^eva,- 
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ture.  Several  sucli  jets  followied,  the  voliime  of  tbe  first  ^et 
(litnitusking,  though  the  told  quantity  of  water  erupted  was 
iucreftseJ,  The  temperature  of  tbti  ei-upted  water  diminished 
slowly  from  the  commence  in  ent.  There  wns  no  noise,  ua 
i^ame,  nnd  no  risible  vnjiour,  but  much  gas  bubbling  tbrougli 
the  wnttT,  mid  some  nnplitlm. 

The  water  issuing  was  muildy,  but  no  stones  or  lumps  of 
soliil  mutter  were  erupted.  After  the  removal  of  the  mud  the 
water  rtiiinining  was  found  to  be  intensely  salt.  A  tonsider- 
fthle  quMUtity  of  petroleum  cf  dark-green  tolour  floated  oa  the 
surface  of  the  ivater. 

The  mud  volcitnoes  of  tJie  Crimea  and  Taman  are  very 
numerous,  and  all  witiiiu  a  belt  of  couTitTy  nearly  painllel 
with  the  axis  of  the  Caucasus.  Similar  phenomena  exist  near 
TefliSj  half-way  between  the  Blar;k  Sea  and  the  Caspian;  at 
Balai,  on  the  western  ehore  of  tlie  Caspian '-,  and  iii  islands 
near  tbe  eastern  shores  of  the  Caspian. 

The  erupting  cones  are  all  of  the  same  general  chitfaeter. 
Tl^e  mud  is  [loured  out  verj-  slowly  fiXim  the  top,  and  i&  tena- 
cious, nud  often  as  thick  as  treiicle.  Bublde^i  of  gas  accom- 
pany tbe  mud.  The  various  <;oues  are  aeeumuUted  from  the 
matei'id  erupted,  snd  in  uo  other  wsy. 

On  the  eastern  side  of  the  straits  of  Kertch,  and  within 
the  peninsula  of  Taman,  there  is  au  extensive  group  of  coniml 
hills  of  marl  and  mud,  due  to  the  iasue  of  mud  under  circmn- 
fitances  identical  with  those  just  described.  They  occupy  an. 
area,  of  many  equnre  mdea. 

We  owe  to  Pallas  a  detailed  account  of  an  eniptioa  that 
took  place  in  this  peninsula  towards  the  close  of  the  last  cen- 
tmy.  Tills  eruption  resulted  in  the  formation  of  a  large 
corneal  hill  visible  from  Kertch,  which  is  about  fourteen  miles 
distant,  and  a  prominent  object  to  vessels  piissiup  through  the 
straits^  The  cone  is  now  much  weathered.  It  consists  of 
clfLy^  witb  small  angiiliir  lumps  of  limestone  and  small  ftag- 
nients  of  earthy  oxide  of  iron.  There  is  a  depression  or 
crater  at  the  top.     The  height  is  about  9S0  feet. 

Several  mika  from  this  old  cone,  towards  (he  east,  is  a  re- 
markable group  of  mud  volcanoes  at  present  (18415J  in  activity. 
There  are  four  of  large  size,  all  issuing'  mud.  These  lulls  are 
about  the  same  height  as  that  described  by  Pallas,  and  form  a 
considemble  group.  Like  the  otliors,  their  slopes  contain 
numerous  fragments  of  iron  o?dde.     A  ridge,  some  miles  long. 


liehind  and  near  the  village  of  Ttimai],  is  also  entirely  fcnned 
of  enipted  muJ ;  but  ttese  mud  liilltj  are  detached  from  the 
group  just  described,  IndiLaiioua  of  mud  volcanoes  estead 
eastwards  beueath  the  Caucasus  to  the  Ca^jifJan,  and  west- 
wards towards  and  into  tlie  Putridi  Sea,  bo  that  the  belt  of 
countrj  characterised  by  tbese  phenomena  on  the  eouthem 
slopes  of  the  Cancaftus  is  almost  unbroken.  It  extends  across 
the  lov;  flat  plaujs  of  the  somh  of  liussia  to  a  very  frreat  dia- 
tancG.  and  iti  everywhere  marked  by  the  same  peculiar  condi- 
tion, aiid  with  similar  proofs  of  commuuication  with  the  in- 
terior of  the  earth.  The  dinlfinL-es  referred  to  are  roughly  as 
follows :— From  the  eastern  Caspiuu  toTeflis,  about  £iOO  miles 
with  various  connecting  linkd.  From  TeBis  to  AiiapSi  nearly 
400  miles  withont  sucb  links.  From  Anapa  to  the  Putrid 
Sea,  unquestionably  connected  by  similar  phenomena,  200 
miles. 

Crossing  a  large  part  of  eastern  Europe  we  do  not  again 
meet  wilh  distinct  iudiiiadotis  of  mud  volcanoea  till  we  reach 
North  Italy,  where  there  are  some  well-kuowu  and  remarkable 
exiUDples  at  Sassuola  and  elsewhere^  on  llie  northern  slopes 
of  the  Apennines,  in  the  provii^ces  of  Modena  and  Parma. 
These  have  exliibited  all  the  phenomena  above  described 
wjtliin  the  laat  eentuTy,  and  they  are  &lso  described  in  classi- 
cal works.  From  one  of  tbese  there  have  been  eruptions  of 
solid  matter,  and  even  of  lignite.  On  the  other  side  of  the 
Apennines  the  boraf;io  spriugs  near  Volterra  aie  of  the  same 
nature,  but  true  active  mud  voh-anoes  have  not  been  found 
between  this  and  Sicily*  There,  boili  on  the  slopes  of  Etna 
and  near  the  southera  coast  at  Glrgenti,  they  recur  with  die 
usual  characteristics. 

From  the  Caj^pian  Sefl,  eaistwards,  at  various  pkces  on  the 
rorlliern  slopes  of  the  Himalayan  chain,  and  so  into  China, 
mud  volcanoes  have  been  notic^i^d.  They  appear  to  exist  on  a 
very  large  scale  in  Java.  Tbey  belong  also  to  the  volcanic 
system  of  the  new  world,  where  the  Mexican  examples  are 
recent  and  very  extensive,  the  phenomena  being  nearly  the 
same  as  those  described*  The  most  remarkable  and  instruc- 
tive of  those  that  have  betsn  lens  prominently  referred  to  by 
geological  writers  are  those  in  Trinidad,  others  occurring  in 
California,  and  some  in  Iceland. 

On  the  whole,  then,  it  may  be  concluded  that  mud  vol- 
canoes represent  in  a  very  striking  manner  the  dedininy  stage 
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of  Tokanic  activity,  but  thtv  do  so  undler  conditions  wliich  Brt 
mot  bj  any  means  uuiTersal  Tlitre  are  many  x'olcauic  dis- 
iricts  where  there  docs  not  seem  auvthing  of  the  kind  :  maayf 
v?hero  hot  water  alone  or  tlienual  niinernl  spring  aj'e  ejected, 
others  Tvhere  there  are  special  Diinerals,  as  borax,  ia  excep- 
tional abundance.  True  mud  of  the  ordinary  kind  maj  bs 
erupted,  tbin  or  thick,  with  or  without  foreign  substances,  and 
at  tBtn[jerature9  varyioj?  between  ft  beat  much  exceeding  die 
boilini*  point  of  water  and  the  eqiuTalent  of  the  mean  annual 
tetujieratQre  of  the  distrii't.  The  phenomena,  also,  thongh 
they  vary  ia  details,  are  on  the  whole  constant  in  their  nature 
and  in  the  order  of  their  occurrence.  The  eniption  may  l>e 
described  as  coramencing  with  heated  water  and  gases,  occa- 
sionally accompanied  by  mud,  and  even  considerable  frsg- 
suents  of  rock.  The  eruptive  force  exerted  being  compaxa- 
tive]y  small,  the  result  in  tbia  respect  is  also  small ;  but,  as  in 
other  volcauio  districts,  tbe  force  exhibits  itself  by  forming 
crevices  in  the  earth,  along  certain  lines  of  letist  reiiatancft 
In  mud  volcanoes  the  stenoi  issuing  from  the  crevices  bos 
been  condeniied  in(o  water  before  it  reaches  the  surface,  TIib 
enipted  water  also  brings  with  it,  such  earthy  substances  as  it 
meets  on  its  way.  and  thoa  mud,  more  or  less  thiok,  i-iaues 
from  the  crevice  instead  of  lava.  With  regard  to  tbe  carbonio 
acid  and  other  f^a^ea,  the  thin  mud  allowa  of  their  passage  to 
the  surface  in  bubhlea. 

If  we  didy  consider  tbe  mode  of  distnlpution  of  volcanoes 
f^n  the  earths  Burface  it  ia  imposaible  not  to  be  Btruck  with 
the  fact,  that  almost,  all  indications  of  recent  volcanic  itctinty 
are  to  be  found  either  along  cerhain  lines  of  coast  or  in  islands 
of  moderate  size.  All  the  TaBt  areas  of  the  interior  of  the 
great  continents — with  the  eseeption  already  alluded  to  io 
the  case  of  Asia— (a  very  smalt  exception  in  so  Inrge  an  area) 
are  so  near  the  sea  as  to  suggest  an  explanation  of  the  phe- 
nomena that  shall  have  reference  to  water.  AVilhout  theo- 
rising on  the  matter  we  may  point  out  that,  while  on  the  one 
hand  the  ready  accesa  of  water  from  tbe  sea  to  those  vtist 
cavities  in  the  interior  of  tbe  eartli  with  wliit.b  vc^cauoes  com- 
municate, may  exi'ite  chemical  action,  and  supply  the  steam 
and  water  so  abundantly  piveu  oflf ;  so,  on  tbe  other  hand,  the 
volcanoes  may  be  near  the  sea,  merely  because  those  lines 
which  limit  continents  may  also  be  those  of  fracture,  and  may 
well  i;>e  supposed  to  open  a  eommujiication  with  the  interior. 
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According  to  thia  view  the  water  needed  for  the  steam  erupted 
laay  be  derived  from  iuliltratioii  frooi  LhG  rocks  tliat  form  tha 
Irtud  as  wdl  as  those  under  ilie  aea.  The  direct  aiiceaa  of 
sea-wBttfif  iti  its  nofrmtl  staLe  ia  iTupfobjilile,  insismueh  as  the 
sea- water  would  biecome  to  some  extent  filtered  in  pEissing 
through  rocka.  On  the  other  hand,  lioiue  at  least  of  the  con- 
tents of  sea-Wiater,  especially  common  saltf  arc  not.  uncom- 
laonly  to  be  found  either  in  the  substAiit'e  of  lavao,  or  in  the 
fissures  of  lava  through  which  gases  pass. 

That  volcanoes  are  connected  with  terrestrial  phenomena 
of  a  very  I'iBteut  date  and  with  what  goes  on  daily  oh  and 
beneath  the  immediate  surface,  is  evident  from  the  nature  of 
the  material  erupted.  More  tlian  once,  minute  organic  bodies 
have  been  found  in  volcanic  dust, — this  duat  being  notliing 
more  than  the  very  minute  fnigraents  of  the  matter  sent  out 
from  withiu  a  crater,  Such  fragments  are  of  course  confined 
to  those  bodies  Trhich,  Uke  silica,  may  undergo  long  exposure 
to  great  heat  without  change.  Thoy  are  siliceous  spicules  and 
the  cases  or  cells  coimected  with  the  moat  simple  forma  of 
life.  But  they  are  present  in  abundanotii  Earthy  calcareous 
matter  ia  also  notunfrequently  found  entangled  with  the  scoriie, 
or  ashes  of  volcanoes.  Charcoal  has  been  erupted  from  mud 
volcanoes- 

There  lias  beea  much  difference  of  opinion  as  to  tbe  me- 
chanical origin  of  volcanoes.  While  Humboldt  and  Vou  Buch, 
with  macy  veiy  eminent  and  intelligent  obsen'ers,  have  in- 
sisted on  discovering  proofs,  in  variona  instances,  of  some  up- 
heaviflg  force  thrusting  up  a  portion  of  the  eai'th'a  crust  in  a 
dome  shape,  and  continuiug  this  till  a  considerable  hill  was 
formed  aa  a  nucleus,  round  and  upon  ^vhicli  the  subsequent 
volcanic  products  have  been  collected  :  otherii,  among  whom 
we  m^y  name  Sir  Gharies  Lyell,  Mr.  Poulett  Scrope  au.1 
Mr.  Dar\«n,  all  very  familiar  with  such  phenomena,  believe 
that  volcanic  cones  consist  of  the  matter  erupted,  heaped 
round  the  place  of  eruption,  and  are  quite  independent  of  any 
upheaval.  The  special  case  quoted  by  Humboldt,^that  uf 
Jorullo,  in  Mexico,  ia  now  believed  to  afford  evidence  altogether 
opposed  to  the  view  advocated  by  the  ^Toat  geographer,  end 
the  weight  of  facts  eeema  much  in  favour  of  tliis  latter  theory, 
which  is  also  more  iu  accoi'dance  with  the  non-sedealional  geo- 
lorry  of  the  present  day.  This  is,  however,  rather  a  matter  of 
diacusaion  for  the  geologist  than  the  physiieal  geogniigiher. 
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Besides  tha  volcftiioes  that  are  still  in  an  active  state,  those 
which  have  heen  known  lo  empt  wiihlii  the  Jimit^  of  humaii 
histor^j  and  those  of  which  tliere  is  independent  evidence  iJint 
they  belong  to  ihiC  exi^^ting  period,  tliough  no  Fecords  eii&t. 
there  are  manv  parts  of  th*;  woiJd  where  there  ia  proof  of  vol- 
canic activity,  thouHtb  there  remain  no  volawoea  from  which  thi* 
eruptions  have  issued.  There  are  other  districts  where  vol- 
canic cones  and  cmterg  exist,  where  ashea  are  heaped,  and 
where  currents  of  lava  have  once  flowed  over  the  broken  waJla 
of  (iepregs'ions  still  traceable,  but  where  all  is  now  siknt.  and 
whirh  are  far  removed  from  any  of  those  districts  that  belotifl 
to  either  ^ups  or  linear  systems  of  volcanic  Lnduentie.  Such 
calm  and  dead  vokanic  cones  are  regarded  as  e&tiact,  and 
experience  wonld  seem  to  show  that  the  strength  of  subter- 
miiean  action  Iiad  there  become  gradually  dissipated.  It  would 
flJso  seem  that  this  has  not  been  in  &pite  of  resistance^  but  in 
consequence  of  a  wearing^  out  and  exhaustion  of  the  m^tterW. 
or  perbaps  the  result  of  a  cessation  in  that  place  of  the  action 
of  the  forces  that  produce  the  phenomena. 

Among  the  moat  remarkable  instances  of  these  extinct  toI' 
canoes,  we  may  first  niention  a  group  often  described,  and 
sometimes  believed  to  have  been  in  activity  in  comparatively 
recent  times.  We  mean  the  volcanoes  of  Auvergne,  in  Central 
France,  A  ]a.i^e  number  of  voh'jtnic  cones  and  craters  are  ta 
be  found  hero ; — the  cones  are  composed  ol'  acoriie  ;  the  craters 
are  still  to  be  measured  and  examined,  except  where  they  are 
filled  with  'water  and  converted  into  pools ;  and  floods  of  ancient 
lava  fire  still  to  be  a^en,  precjeelj  identical  with  those  that 
were  poured  out  from  Vesuvius  or  Etna  a  few  years  since. 
No  one,  visiting  the  country,  can  for  a  moment  doubt  that  he 
19  in  a  volcanic  district,  though  the  fact  that  there  has  been  no 
volcanic  disturbance  since  the  conntiy  was  settled,  is  also 
certain.  On  the  north-east  coaet  of  Spain,  there  is  another 
equally  well  marked  example  of  extin^:'t  volcanoes.  WilliiiJ  a 
comparatively  small  area  a  mimbiE'r  of  cones  and  craters,  with 
current*  of  ancient  lava,  may  be  traced,  and  the  country  arcumd 
bears  marks  of  having  bet^n  subjected  to  subterraneous  distur- 
bance. Other  examples  of  a  simihir  nature  are  known  on  tie 
hanlis  of  tlie  K.hine,  near  Bonn,  and  others  in  the  interior  of 
Germany.  But  nothing  of  the  kind  has  been  described  in 
many  wide  tracts  of  land,  far  removed  from  the  ocean,  in  which, 
also,  there  are  no  modern  volcanoes.     In  such  conutries,  H 
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indications  of  ToTL'snic  action  exist,  at  all,  thsy  consist  in  beda 
of  lava,  ofien  of  considerable  ihickntss,  but  spread  out  as  if 
under  the  pressure  of  a  henvy  colmrin  of  water,  and  with  no 
appearance  of  volcunic.  cone  or  ciater. 

Volcanoes,  whetber  in  groups  or  on  an  extended  linenl 
a:d&,  appear  to  have  certain  relations  with  one  another.  The 
activity  of  one  toIl'suo  is  almost  of  itself  proof  that  no  adja- 
cent one  will  be  other  than  dormant.  In  the  Andes,  "her© 
the  lino  of  enet^etic  activity  is  rerj  long,  this  has  been  most 
atrikingly  showu,  And  strong  proof  is  thus  afforded  of  the 
really  partial  and  lotal  character  of  all  phenomena  of  thia 
kindl.*  The  cavities  in  which  that  chemical  action  takes 
place,  which  resnlts  in  the  melting  of  rocks  and  the  formatioQ 
of  that  peculiar  luineral  glass  or  sing  we  call  lava,  may  he 
very  large,  estendiog  for  hundreds,  or  even  thousandsof  miles, 
and  they  must  he  many  thousand  yards  beneath  the  aurtnce, 
at  least  in  some  cas«s.  Their  breadth,  howevee,  need  not  be 
gi'eat,  and  thus  their  area  may  bo  a  very  small  fraction  indeed 
of  the  ivhole  surface  of  the  earth.  Each  group  may  be  icde- 
pendent,  and  the  depth  or  distance  from  the  surface  may  be 
altogether  different,  even  in  the  nearest  adjoining  groups.  It 
i&  only  by  conceiving  this  peculiar  st-ate  of  the  earth*s  interior 
that  we  can  at  all  esplain  the  phenomena  of  volcan«jes.  Im- 
portant they  may  be,  aud  no  doubt  are,  in  the  districts  where 
they  exist,  but  it  is  hardly  likely  that  they  have  much  to  do 
with  the  original  npheaval  of  continents,  or  the  determination 
of  the  form  and  distribution  of  tJje  great  masses  of  land  on  the 
globe.  They  are,  however,  connected  with  earthquakes,  and 
in  the  nest  chapter  we  shall  see  in  how  tiingular  a  manner 
these  violent  undulations  of  the  earth^K  cnirft  originate  in  cavi- 
ties whence  volcanic  eruptions  issue,  akhough  their  effects  fue 
felt  nt  enormous  disianceBt  even  from  the  outermost  verge  of 
any  district  showing  marla  of  volcanic  energy. 

•  In  tlie  eriiptintj  that  toot  pliu;e  recently  at  Hawaii^  the  groRt  crater 
of  KUauea,  OUad  with  estreitiel_y  fluid  Istb,  doea  not  appear  to  hayo  been 
Affected  by  the  eruption  at  Mauiuv  Loa^  at  a  diataucs  of  20  niile&. 
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CHAPTEK    XVIT. 

EAUTHQUAKEg. 

While  volcanoes  afford  i^iaible  proofs  of  the  activity  of  chemical 
forces  within  certain  portions  of  the  interior  of  the  earth,  and 
suggest  that  there  must  be  large  cavities,  eontiiiuiag  nt  inter- 
vaht  atiil  in  some  broken  find  intermpttd  way  connected  for  bun- 
dredsi  or  even  thousands  of  miles,  it  is  well  known  that  wide  trai!ts 
of  the  earth,  not  only  near  volcanoes,  but  far  removed  to  all  ap- 
pearance from  their  intluence,  are  subjected  to  vibrations,  mora 
or  less  severe,  of  tlie  actual  crust  of  tbe  earth.  That  thwe 
vibrations,  or  ennhqnahes,  are  in  many  crises  veiy  clearly  con- 
nected wiTh  volcanoes — that  they  prece<ie  and  accompany  vol- 
ciiiiio  eruptions— thiit  the  earthquake  either  precedes  or  follows 
tbe  eruption — and  that  tbe  cessation  of  ordinary  volcanic  action 
is  veiy  generally  succeeded,  after  a  louger  or  shorter  interval, 
by  an  earthquake, — there  ia  no  doubt.  On  tbe  otlier  hand, 
it  is  equally  certain  that  earthquakes  sometimes  originate  sni 
am  cliielly  felt  in  countries  where  there  are  no  volcanoes,  and 
Tvhefe  all  varieties  of  volcanic  rock  are  iibsent.  They  are, 
therefor9^  phenomena  that  requh'e  separate  consideration,  and 
T^-hat  we  can  learn  concerning  them  may  help  to  suggest  sonio- 
thing  concerning  the  condition  of  the  interior  of  the  earth,  as 
well  as  an  explanation  of  the  phenomena  themselves. 

The  connection  of  earthquakes  with  volcanoes  in  volcauic 
districts  is  clear  and  unniistakeable.  In  tht^  Enropeftn  group 
histoiy  19  eloquent  in  i  Oust  rati  ons.  The  neighbourhoods  of 
Etna  and  Vesuvius  have  suffered  from  time  to  time  from  severe 
shocks,  which  are  regarded  as  the  precursors  of  erupliotiB. 
The  singular  volcano  of  Stromboli  had  a  brief  interval  of  re- 
pose from  its  almost  incessant  activity  immcdiateJv'  before  a 
eeries  of  severe  e8it.h.(\\iQkes,  \.Vi&.t  d\?.t"Avhed  tlie  whole  countiy 
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nroujid,  in  the  year  1783,  For  a  icing  time  the  volcano  of 
Pasto,  m  Peru,  liad  contLimed  to  emit  a  dense  bUok  smoke 
fruiu  its  crater.  This  ces'^ed  for  a  time,  and  tho  terrible  earth- 
quake of  Rio  llamija  occurred,  during  which  forty  ihonaanJ 
persons  perished.  A  remarkable  instance,  perhaps  the  most 
i-emarhable  on  record,  took  place  in  tlie  years  iSll  and  181'J. 
sbowing  a  siibterraneoua  connection  beneath  the  bed  of  the 
Atlantic  between  tlio  European  and  central  American  liiies  of 
volcanic  action.  In  the  year  1811  an  iFslond  arose  in  the 
Atlantic,  from  about  1^0  feet  of  water,  amongst  the  Aaores, 
the  rise  of  the  island  being  accompanied  by  violent  earthquokesi 
aad  eruptions  of  &nioke  and  flame.  Commencing  about  th[3' 
^me  time^  there  were  severe  shocks  in  the  island  of  St,  Vin- 
cent, near  one  q{  the  most  active  volcanoes  of  the  West  Indian 
gronp.  which  had  not  erupted  for  about  a  century.  These 
shocks  extended  also  through  the  ili-ssissippi  valley,  and  wero 
widtdy  feltiu  North  America.  In  Deceml^er,  1911,  and  March^ 
1613,  severe  earthquakes  were  experienced  iu  the  Caraccas, 
the  shocks  in.  both  cases  continuing  for  some  days,  and  ending 
with  the  deatruytioa  of  ths  city.  As  a  termination  to  these 
disturb aiic&fl,  the  voloano  of  Kt.  Vincent,  after  a  long  intrjval 
of  repose,  hurat  out  with  a  tremendoua  explosion,  and  continued 
to  erupt  for  a  long  time,  during  which  there  were  no  more 
earthqaakes  within  tho  area  fonnerly  disturbed.  Numerous 
examples  of  the  same  kind  naight  be  given,  and  we  may  regard 
it  fls  an  establiBhod  i'nct,  that  whatever  be  the  cause  of  earth- 
quakes, and  however  the  active  energy  of  chemical  forces  and 
heat  may  act  in  the  interior  of  the  oarth  to  produce  volcanic 
erujitiona,  there  is  in  ay  far  a  relation  between  them  that  the 
Bsme  force  which  at  one  time  is  ou]y  enabled  to  produce  a 
concuasioQ  and  vibration,  by  somothiug  of  the  nature  of  an 
explosion,  becomes  at  length  powerful  enough  to  rend  asunder 
the  thick  coating  of  rock  that  forma  the  roof  of  the  cftveru  in 
which  the  force  acts*  and  continuous  enouj^h  to  force  up  a  cou- 
tmuou«  stream  of  laolten  rock  for  weeks  together. 

An  earthquake  is  the  result  of  a  vibration  or  concusaioti 
produced  within  the  earth  by  some  explosive  force.  It  must 
originate  in  a  comparatively  small  area,  and  tho  chief  force  of 
the  explosion  must  esp&ud  itself  in  that  area.  The  area  dis- 
turbed may  be  one  of  a  series  of  ca\itiea  having  great  linear 
es-tenston,  or  it  may  ha  parE  of  a  large  district  of  any  form,  in 
which  are  numerous  cavities  or  spaces  more  or  less  iaokted. 
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The  explosion  may  he  single,  or  it  may  be  repeated  many  timea- 
It  may  be  very  sudden  and  mpid,  aud  of  extreme  violenca,  or 
it  miiy  be  less  rapid,  and  Ui©  force  produced  may  tend  mopg 
tow"ard3  upheaval  than  fracture.  The  force,  however,  must  act 
in  a  way  not  unlike  that  of  gunpowder  exploded  m  a.  mine,  or 
eteatn  huriBting  a  boiler  ;  and  the  comparisons  dra^ra  from  such 
inBtancea  are  found  to  be— as  might  be  expected — both  su^e- 
tive  and  esplatiiatory. 

Where  ihey  are  felt  at  the  earth "s  surface,  earthijnakes  are 
of  three  MndH, — undolatocy.  peiiiendkulnr,  aod  horizontal: 
the  latter  frequently  Appearing  to  he  rota,torj  or  vorticose. 
The  first  are  tho  aaost  common,  and  the  leuat  luischievoos: 
the  second,  much  more  rare,  and  far  more  destoiclive.  The 
third  are  altogether  exceptioiml ;  bat  when  they  occur  in  the 
neighbourhood  of  towns,  they  are  altogether  ianpara.lleled  in 
the  dististrous  catastrophes  and  the  appalliug  loss  of  life  ihit 
sccocapany  them.  The  iirst  are  mere  uudulations,  hea\ing  the 
ground  at  any  one  place  upwuivis  and  sinking  it  domiwards, 
and  producing  the  same,  or  nearly  the  same,  result  at  a  vast 
number  of  places  alon^  a.  certain  definite  course  on  the  earth's 
surface.  The  second  resemble  the  explosioo  of  a  mine;  they 
cousiat  of  a  sudden  upheaval — a  thrust  upwarda — but  with  do 
Undulation.  The  tlnfd  are  complicated,  including  a  direct  auii: 
andden  upheaval,  with  an  advancing  wave,  and  this  complica- 
tion produces  a  mised  motion^  like  that  of  a  steamer  advancing 
through  a  cross  sea. 

The  destruction  to  human  Ufe  caused  by  the  greater  earth- 
quakes is  Teij  Berious.  Upwards  of  00,000  persons  perished 
during  the  great  earthquake  of  Lisbon,  in  November,  1755; 
but  in  this  case  the  chief  mischief  was  caused  by  a  high  wave, 
caused  no  doubt  by  the  earthquake,  hut  coming  in  from  the 
sea,  By  au  earthquake  in  Mexico  10,000  persons  perished. 
In  Calabria  -10,000.  In  Syria,  on  one  occasion,  50,000.  In 
the  same  couutrj',  in  the  time  of  Tiberius,  a.d.  19,  it  is  con- 
sidered that  liiO,000  persons  were  destroyed.  In  the  year  5211, 
250,000  are  said  to  have  perished  at  Antioeh  ;  and  aeventy-Bis 
years  afterwm-da  a  second  earthquake  destroyed  60,000,  At 
Mesaiuft,  in  100'2,  as  mauy  aa  74,000  persons  perished;  and 
at  Quito,  in  1707,  40,000  vicrims  were  aacrificwi  to  this  ter- 
rible agent.  Lastly,  at  Mendoza,  not  very  kng  ago.  the  ■whole 
city  was  destroyed,  and  the  loss  of  life  was  eslinmted  at 
00»000,     On  the  whokj  it  is  not  too  much  to  assert  that  se- 


^ 


EJlKTBQTJASES.  61^ 

TeraJ  millions  of  human  beings  have  been  suddenly  sw-allowed 
up  in  this  way  within  the  last  four  tbousaDcl  years ;  and  it 
cannot  be  supposed  that  animals  and  vegetation  have  escaped 
a  proportionate  destrijctiou. 

It  caxiBot,  then,  be  thought  extraordinary  that  tha  pheno- 
mena of  enrthriuftkos  are  exceedingly  etrildiii!^,  and  ia  the  high- 
est; degree  ahirmin^to  all  living  Ueinga.  Domesticated  as  well 
as  wild  animals,  the  birds  of  the  air  and  the  hahea  of  tho  aca — 
all  seem  alike  terriQed ;  and  all,  with  mun  himself,  civilised 
and  uncivilised,  become  i.lee])ly  affected  when  the  larger  earth- 
quftkee  take  place-  Nor  does  frequent  repetition  of  these 
convulsion's  in  uny  district  render  thoae  exposed  to  them  care- 
leaa  or  indifferent.  On  the  contrary,  the  more  frequeut  thoy 
are  the  more  alanned  du  people  bi^come-  It  ia  not  easy  to  ex- 
plain this,  but  it  is  a  notorious  fact ;  and  a  brief  account  of 
the  sensations  and  meclianical  aceampanimenta  is  necessary 
to  familiariae  the  reader,  who  haa  had  uo  experienoe  of  a  seri- 
ous convulsion,  with  the  nature  of  the  case. 

Earthqaakea  are  sometimes  preceded  or  accompanied  by  a 
peculiar  slate*of  the  air  and  weather,  by  rolling,  detonating, 
and  other  noises,  and  by  marked  electrical  phenomena.  But 
these  cannot  he  regarJcii  as  essential  or  neces^^ary,  tlioiigh  the 
obaervationa  that  include  careful  records  of  ail  these  niattera 
are  both  intereating  and  valuable.  The  kind  of  noise  that 
occurs  is  different  in  different  places.  Sometimes  it  is  a  roll- 
ing, rumbling  sound,  like  the  moving  of  heavily-^loaded  waggona 
over  a  hard  road — gometimea  it  is  like  the  clinking  of  chains  — 
sometimes  it  resembles  tlinnder  close  at  hand — and  now  and 
then  it  has  been  described  as  clear  and  ringing,  as  it'  obr^idiaa 
or  other  vitrified  masses  clashed  together,  or  were  shattered  in 
subterranean  cavities.  Tho  imagination  is,  however,  so  apt  to 
exaggerate  sounds  of  this  kind,  and  to  discover  fanciful  re- 
semblance!^ that  have  little  fuundatiou  hi  fact,  that  we  can 
hardly  accept  all  theae  descriptions.  It  is,  however,  recorded 
that  OQ  one  occasion,  in  the  CaraAJcais,  a  noise  resembling  thuE- 
der  was  heard  nearly  or  exactly  at  the  yame  time  over  aa  area 
of  40,OOU  miles,  without  thia  noiae  being  followed  by  an  earth- 
quake. At  this  time  the  volcano  of  Cotopasi,  more  than  400 
miles  distant,  was  commencing  un  eruption.  It  is  also  said^ 
that  at  the  great  eruption  of  Cotopaxi,  in  1744i  subterrauean 
noiaea,  resembling   the   firing  of  artillery,  were   pro^iagated 
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througti  tlie  eartli  witliout  eaTthquflke  for  a  distance  of  more 
than  400  miles. 

It  ig  ofteu  the  case,  tliiit  a  mtiltitude  of  minute  vibratMca 
mBfk  the  main  dirertion  of  some  axis  of  liisturbance,  bettfti 
thftu  the  observations  made  where  earthquakes  are  much  more 
severe. 

The  distribution  of  earthquakes  in  space  ia  by  no  means  iieo- 
ticnl  with  the  distribution  of  volcanoes.  It  is  not,  indeed,  so 
easily  to  be  estimated,  nor  can  it  be  so  well  described,  for  the 
actual  point  at  which  an  earth  vibration  commences, — ihai 
at  which  the  explosive  movement  takes  place, — cannot  always 
be  determined.  It  is  sometimea  beneath  the  sea.  It  is  some- 
times  in  parts  of  the  earth  beyond  the  range  of  ciTilisBdoti, 
rarely  visited  and  little  known.  And  the  area  of  distorbance 
is  ofteu  quite  unknown.  As  the  earthqvinkc,  moreover,  leaves 
little  or  no  mai'fc  behind  it,  and  iv  in  this  respect  altogether 
unlike  the  volcano,  it  is  evident  that  irliere  no  observation  has 
been  recorded  at  the  moment  the  evidence  is  lost  for  ever.  On 
the  other  hand,  earthquakes  are  much  more  widely  felt  and 
more  numeroua  than  volcanic  eruptions. 

In  estimating  the  importance  of  an  earthquake>  many  thiigs 
must  be  token  into  consideration,  The  intensity  of  the  shock 
at  a  Riven  place  raaj  be  \'ery  great,  but  tlie  area  over  wbicliit 
is  felt  CO mpai-a lively  smalL  A  multitude  of  smaller  abocks 
may  occur  in  one  place  ;  a  few  smart  shocks  at  another.  As 
a  rougfh  Bpproximation  it  may  be  estimated  that  the  areas  dis- 
turbed in  the  cage  of  great  earthquakes  are  circles,  or  ellipses, 
whose  diameters  or  longer  axes  measure  from  1,000  to  1,'iOO 
miles.  These  are  rare  ;  perhaps  not  usually  occurring  more 
than  once  or  twice  in  a  century,  over  the  whole  earth,  Otlier 
aud  Rmaber  earthquakes,  which  we  may  describe  as  of  the 
second  cIrss,  affect  ureas  not  exceeding  500  miles  in  diameter, 
and  are  far  more  common.  Others,  ayain,  are  not  felt  more 
than  ]00  or  ISO  miles,  and  may  also  be  regarded  as  lool. 
These  form  a  third  class.  It  must  be  understood,  that  while 
thus,  for  convenience,  grouping  the  earthquakes  whose  limit* 
are  kno^vn,  there  is  no  real  division  in  nature,  nor  is  it  always 
possible  to  decide  to  which  class  any  particular  earthquake  may 
belong.  Of  the  iirat  claaa,  the  great  Lisbon  eartliquake  of 
1755  may  be  taken  as  an  example.  Of  the  second,  exsmploi 
are  frequent  Ln  the  Mediterranean  basin.  Of  the  third,  there 
are  instances  not  unfrequently  in  our  own  islanda. 


'^Although  the  limits  of  an  airthquake  are  theorelically  iiido- 
terminate,  there  is  a  practical  Ifmit,  measured  by  the  sensiia, 
wbic!^  must  always  be  recognised.  TLi^  limit  de^ieuds  not  r 
little  on  llie  nature  of  the  rocks  through  i^hich  tiie  shock  or 
vibration  paasefi,  and  tiiua,  from  a  cenlriil  jioint,  the  vibralione 
are  felt  at  very  diffl^rt^nt  distances  in  different  directions* 
Looking  at  the  matter  in  tbis  light,  we  may  obluin  a  notion  ul" 
the  (lisinhution  of  earthquake  action,  or  at  lea^t  of  the  direo- 
dons  whiii^h  earthquakes  seem  to  take,  and  uf  the  connected 
points  of  earthquake  centres.  These,  as  niij^ht  be  ex])ected, 
are  someuljat  inHuenced  bj*  ttie  line  of  mouutaiu  and  valkj  in 
a.  great  continent. 

Comrae  tuning  with  the  north -eastern  shorea  and  islands  of 
the  Atlantic,  Uiere  ie  a  belt  of  weak  earthquake  action  that 
includes  Iceland,  Ferro,  Shetland,  the  south-west  coast  of 
Norway,  nearly  as  far  as  Christiania.  This  band  possibly  es- 
teuda  to  Greenland  and  Jan  Meyen,  but  the  earthquake  his- 
tory of  this  part,  of  the  world  id  not  known.  Ariotlier  baud 
extends  north-west,  from  the  lakes  of  Sweden  mlo  RusBJaiii 
Laplaud,  and  perhaps  to  the  Dovre  fjjeld  mountains.  An  im- 
portant band  in  the  south  of  Europe  stretches  from  Portugal 
to  the  Azores,  fltid  is  <;onnected  with  a  band  through  the 
Canaries  and  Madeira,  and  again  with  the  Barbary  coast  and 
Morocco. 

From  Tunis,  on  the  Mediterranean  shores  of  Africa,  a  nar- 
row band  of  intense  dteturbance  stretches  tiirough  Sicily  and 
Italy,  sends  otf  a  spur  to.  the  west,  through  the  Fiedmontese 
Alps  ajid  southern  France,  along  the  whole  hue  of  the 
Pyrenees,  to  the  northern  coast  of  Spain,  and  widening  out 
over  the  central  Alps,  covering  a  lai-ge  part  of  central  soulhefu 
Europe,  extending  east  and  west  from  Lyons  to  Vienna,  and 
thoagh  narrowing  towards  Stroaburg,  reaching  northwards  over 
the  whole  Hheniah  syatem,  and  djing  out  in  the  plaitia  of 
Holland,  where  small  earthquakes  are  not  unknown.  An  im- 
perfect belt  connects  the  British  Tslands*  western  France,  and 
the  Channel  Islojids  with  both  these  urefts,  and  is  nt-cuiiionally 
affected  by  earthquakes,  almoist  entirely  of  the  third  cltc-?s. 

Much  obsciirity  exists  as  to  the  extent  of  eartliquake  action 
in  the  Carpathians  and  Balkan  range.  Tha  small  pupuluiion 
and  the  absence  of  intelligent  observers  in  those  di.'stricts  a.iv. 
very  unfavourable  to  observations*  but  Poland  and  the  Vistubi 
tailey  to  Riga  ore  digtarbed,  and  both  the  Austrian  Alns  and 
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the  vicinity  of  Constantinople  are  so  frequently  shaken,  that  it 
is  probable  there  are  Tnnr\y  more  earthquakea  in  those  districli 
than  have  been  recorded.  A  broad  baud  of  earthquake  ftetjoti 
extends  also  from  the  Greek  Archipelego  to  Constantmople, 
extending  through  Asia  Minor  tmd  Palei^tine,  and  reaching  Lbe 
vftlloy  of  the  Lower  Nile,  the  shores  of  the  Ked  Sea,  anJ 
further  south  in  j'^rabia.  From  the  Gulf  of  Scanderoon,  bj 
Aleppo  and  Mosul,  to  Lake  Van,  and  the  soaih  of  Arsrat  to 
Shhvan  and  Baku,  on  the  Caspian,  there  ib  another  wide  and 
energetic  band,  probably  joining  the  Caucasus,  and  connected 
with  the  occasionally  disturbed  districts  of  the  Oui'aJ.  There 
are  other  bands  not  less  important,  but  ill-defined,  cojinecting 
Persia  and  India,  and  cnnnei^ting  with  th«  welhknown  and 
energetic  line  of  (hytuihances  in  JSortheni  India.  I'liia  latter 
band,  bouuded  on  the  north  by  the  Himalayan  chain,  ranges 
neai-ly  parnllel  to  it,  from  Cabool  to  Calcutta,  and  lbe  Gulf  of 
Cutch.  We  have  also  a  greatly  disturbed  but  unktaowu  area  in 
Central  Asia,  reaching,  in  China,  to  Pekin  and  Canton,  And 
this  connects  with  the  most  formidable  earthquake  and  volcanic 
region  on  Uie  globe,  "  Stretching  in  a  vast  horse  shOiB  convex 
to  the  south,  fi'om  Bunaah  and  Pegu,  and  surrounding  the 
great  island  of  Borneo,  with  an  intervening  belt  of  sea,  and 
reaching  round  to  Formora,  on  the  nonth-west,  we  have  an 
almost  continuous  girdle  of  voIcanoGG  and  Eol'tj  mounlaiCB. 
Every  island  of  the  group,  including  Java  and  Sumatra,  Cele- 
he&  flud  Mindanao,  is  shaken  -with  eartliquakes,  the  most  for- 
midable and  frequent,  and  we  can  point  to  no  spots  upon  iha 
■whole  earth's  surface  upon  which  seismic  energy  is  exhibited 
w:ih  an  intensity  equal  to  tbat  of  Luzon  uud  Sumbawa."* 

To  the  north  of  this  remsrkable  district  we  have  bands  of 
active  earthquake  movement,  reaching  irom  Japan  thiyagh 
tiie  Kurile  islands,  to  Kamtehatka ;  and  on  the  opposite  shores 
of  the  Pacific  are  those  of  the  Rocky  Mountains  and  Califomia, 
Mexico  ftud  the  South  Ameiican  Andes,  whose  iuflueuce  is 
felt  on  the  oeeanic,  rather  than  the  lajid  side  of  the  chaiu, 
owing  to  the  compression  of  the  mass  of  ihe  land  checkuig  Lhe 
wave.  TJiis  South  American  baud  extends  into  the  Gulf  of 
Mexico,  and  connects  itself  with  the  band  affecdng  the  We&t 

*  See  Hr,  Mallet*B  "  Eeport  dti  the  Facte  and  Theory  of  Earthquake 
Movempnte,"  Ftaal  Report  in  British  Association  Keporte  for  185§. 
Tu  the  general  coneluslons  in  this  Kcnart  we  are  chiefly  indebted  for 
t}]i?  iiucount  {jf  the  distribution  of  eartbquakea  m  rpsca  and  time. 


Tndion  islands.  Besidea  the  areas  already  alluded  to,  the  val- 
leys of  the  Migsouri  and  jriyaissippi,  and  the  northern  lakes 
and  Tallej  of  St-  Lawrence,  are  all  occasionally  exposed  to  dis* 
torbftDues,  chiefly  or  entirely  of  the  third  clasa. 

There  is  a  small  ea.rthqaake  hand  affecting  Western  Auatra- 
Ha,  and  probably  reaching  Van  Diemen^a  Laud.  The  interior 
of  Augtmlia  and  the  eontitient  oF  Afrii^a  lUe  believed  to  be  very 
little  subject  to  earthqtiabe  movemeuta,  but  these,  as  well  as 
very  large  portions  of  Asia  and  South  America,  are  too  little 
known  to  enable  us  to  give  a  very  decided  opinion  on  this 
point.  It  must  also  long  be  doubtful  whether,  and  if  any, 
what  lines  or  belts  of  earthquake  activity  esist  in  those  large 
regions  that  ore  covered  by  the  sea^  and  only  traversed  occa- 
sionally by  sliipa.  It  is  considered  probable  that  there  are 
fewer  eatthquakea  in  a  given  area  covered  by  the  sea,  than  on 
land  above  the  aea  level- 

Generaliflicig  these  groups  of  facta  it  may  bo  remarked, 
(1).  That  there  seems  a  preponderance  of  earthrjuake  action  in 
the  temperate  and  torrid  zones  on  both  sidea  of  the  equator, 
bat  the  observationg  in  the  Antarctic  high  latitudes  are  too 
imperfect  to  render  ihia  at  all  certain.  (3).  That  bands  of 
superficial  distribution  exist,  but  are  of  variable  and  often  great 
breadth,  reaching  fftim  i350  to  1,000  miles  transversely; 
(S).  That  the  bands  on  the  whole  seem  to  follow  the  lines  oi 
elevation  which  separate  the  great  basins  into  which  the  sur- 
face is  divided.  It  must  be  remarked,  however,  that  earth- 
quakes are  occasionally  felt  in  districts  far  removed  from  any 
of  the  recognised  bauds,  and  tliat  these  may  even  be  exceed- 
ingly enei^etic. 

We  corae  next  to  consider  the  digtribution  of  earthquakes  iu 
time.  To  obtain  any  knowledge  of  this  it  is  ueceaanry  to  obtain 
all  pos3ible  records  of  such  movements  as  have  been  observed, 
and,  estimating  each  according  to  its  value,  tabulate  the  whole. 
Very  elaborate  tables  have  been  prepared  and  published,  partly 
by  Professor  Pen-ey,  of  Dijon,  and  partly  by  Mr.  Mallet.  The 
latter  hag  prepared  a  cataloj,'iie  rarmnnee^  completed  to  the  end 
of  1842,  and  the  former  a  catalogue  which  brini^s  up  the  his- 
tory to  1 850,  Both  are  before  the  world,  and  the  two  together 
embrace  between  6,00U  and  7,000  atparale  recorded  eailh- 
quakea  over  every  part  of  the  biowu  globe,  both  on  land  tuid 
ocean..     Of  these  58  are  previous  to  the  Chiistian  era  and  197 
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bHwe«n  that  time  and  the  eai  of  the  ninth  centnTy^  AH 
these  were,  of  conree,  Tery  great  earthquakes,  demaadiag  at- 
teetion  from  all  who  came  under  their  UifiiieQce.  Onl,'*  03'i 
are  recorded  in  the  next  aix  ceutoliest  which  include  the 
period  commonly  called  the  middle  ages.  During  the  next 
three  centuries  th«  nomber  rec<)rded  amouDta  to  '^,^04,  andin 
the  first  half  of  the  present  centuiy  it  has  increased  to  3,i!i0. 
It  is  necessary  to  menlioa  these  Egures  to  give  the  reader  m 
idea  of  the  progress  of  obsen-ation  rather  than  of  the  actoal 
number  of  earthquakes  that  have  happened,  i^xcept  in  a  rery 
limite']  eeiise  and  so  far  as  Europe  is  concerned^  withia  ihe 
present  century. 

it  may  help  still  further  to  place  Uiis  matter  clearly  before 
the  reader  to  mention  that,  of  the  early  earthquakes,  up  to 
the  end  of  the  fifteenth  century,  about  eight  in  every  hun- 
dred of  those  recorded  were  so  destructive  as  to  reduce  dties 
and  towns  to  rubbish,  and  destroy  much  human  life.  Within 
the  next  three  centurieii  less  than  four  in  a  Lai3<ired  were  of  this 
kind,  whil  e  in  the  present  century  little  more  than  1 J  per  cent.of 
the  recorded  earthquakes  were  of  the  first  class.  It  results  from 
this  statement  V'faat,  indeed,  we  might  safely  hare  aseiimed,  that 
in  proportion  as  Tneans  of  oommuidcation  have  improved  the 
lists  have  hcen  gradually  becnming  more  perfect  and  more 
inclusive  ;  that  many  more  of  the  eartliquakes  of  the  second 
and  third  class,  in  proportion  to  those  of  the  first,  have  been 
noticed,  and  though  it  is  by  no  menus  the  case  that  we  have 
even  now  a  complete  record,  it  may  be  aasuraed  that,  in  recent 
times,  few  really  important  disturhaiices  have  been  neglected 
that  have  affected  the  land  in  the  northtjra  hemisphere.  The 
number  of  these  as  recorded  is  3,076  out  of  the  3/J4I).  If, 
then,  it  is  the  cass  that  the  aeconnta  of  the  first  half  of  the 
present  cRntury  give  an  approximate  average  of  the  truth,  we 
may  coaclude  that  within  tliat  period  there  has  been  on  an 
avernge  about  aixty  eanhquakes  per  annum,  or  rather  more 
than  one  ever^*  week,  Slost  of  these  were  small  and  unimpor- 
tant, but  of  great  earthquake  disasters  thiere  has  been  on  an 
average  one  every  eight  months.  Too  little  is  known  of  the 
land  in  much  of  the  southern  hemisphere  to  justify  a  oor- 
respunditig  estimate  for  tliat  part  of  the  world  ;  and  of  the 
earthquakes  at  sea  it  has  already  been  observed  that  we  know 
scarcely  anything. 
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'A  comparisou  of  tlie  earth<^iuakea,  with  a  view  to  dotermme 
tbe  relative  frequency  of  the  differeat  kiiids,  aud  to  discovert 
if  possible,  any  ordei'  or  l&w  that  governs  them,  eeems  tu  show 
that  they  exhibit  pmodg  aud  intervals  of  something  approach- 
ing regnlarity.  Thus  it  results  tiiat  tlie  smallcHt  paroxysmtLl 
iaterval  'is  a  year  or  two,  but  tlie  average  int«r\'ttl  involves 
from  five  to  ten  years  of  comparative  repose.  Under  any  cir- 
cnmstance&,  however,  there  is  evidence  of  altemadon  of  ttcti- 
'pity  flJid  repose,  both  wheu  we  consider  tlie  earthquake  ehocks^  m 
special  localities,  and  over  the  whole  of  a  very  lajge  area,  in- 
cluding several  baml^  of  eartliquake  activity.  On  the  whole,- 
alao,  it  seems  that  wheti  the  intervals  of  repose  are  shorteBt 
there  are  fewer  earthquakes  of  the  first  clasa.  In  referenne  to 
this  question  it  is  worthy  of  notice  that,  in  each  century  for 
many  centuries  past,  there  have  h«eii  two  periods  of  chiei. 
earthqiiiake  inteuaity,  one  greater  tLan  the  other,  occurriDg 
about  the  middle  of  each  century,  (from  the  fiftieth  to  the  bis- 
tietli  jesr),  and  the  other  towards  the  end  of  each.  Thue, 
■within  the  flrat  period  in  tlie  eighteenth  century  there  was  the 
great  Lisbon  eartliquake,  aud  within  the  secoud  the  great  Ca* 
labrian  one.  In  tlie  seventeenth  century  there  were  a  multi- 
tude of  great  disturbances  in  the  middle  and  the  great  Jamaica 
earthquake  at  the  end.  In  the  sixteenth  century  the  middle 
part  was  maik^d  by  great  earthquakes  in  China,  and  also  in 
Europe,  and  the  latter  by  numerous  severe  ehocks  in  the 
Azores^  Thus  we  have  observed  an  interval  of  about  a  cen- 
tury occun"ing  between  the  very  greatest  paroxisms,  and  a  pe- 
riod of  from  thirty  to  forty  years  between  each  greatest  paroxysm 
and  another  of  smaller  magnitude  succeeding  it.  In  the 
middle  and  most  intense  paroxyiismal  period,  &  large  number 
of  earthquakes  are  crowded  into  a  Braall  number  of  yeaiy,  while 
in  the  second  and  less  intense  psriod  the  jiumber  is  smaller, 
and  the  number  of  years  over  which  they  are  spread  is  greater. 
Beyond  this  generalisatlnn  is  another,  more  faintly  indicated. 
It  would  seera  that  the  Ist,  5th,  9th.  13th  and  l&th  ceiitunea 
have  been  those  of  chief  activity,  and  the  3rd,  7th,  lOth  and 
14th  those  of  least  activity. 

There  are  some  curious  results  of  an  examination  of  the 
earthquake  catologuea  that  we  must  now  consider.  And  first, 
in  reference  to  spedal  localitiea,  and  the  various  seasons  of  the 
year.    The  localities  are  grouped  according   to  the  banda 
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already  indicated.  Thus,  in  Europe  and  the  ft(lJ6cerit  coun- 
tries, ure  have  the  folliwiii*,'  areus  of  eaitliquake  action,  sa 
BUggested  by  Professor  Perrey. 

1,  Bcandiimriau  pesinsulaand  Iceland. 

•2,  British  Islaiids. 

3-  Spanish  ppninsula, 

4.  I'ra'ice,  Belgium  and  Holland, 

5.  Rhone  basin. 
6r  Rhine  Lasin. 
T.  Danube  basin. 

8.  ItuHan  peninsula. 

9.  Algeria  and  Nurth  Africa. 

10.     Tnrco- Hellenic  peninsula,  with  Syria. 

In  the  ScandinaYian  peninsula  and  Iceland,  out  of  952earth- 
quakes  recorded,  the  dntes  of  !il  -1  are  know  Ji.  Of  this  number 
il2,  (more  than  ImU")*  wereduriag  the  first  balf  of  the  present 
century.  Of  llieye  74  occurred  in  the  wiuter  months,  (January 
to  March),  and  03  in  the  autumn  niontks.  (October  to  D** 
cember),  while  48  only  are  recorded  in  summerj  (July  to  Sep' 
teniber),  and  only  39  in  spring,  (April  to  June).  Tlius.  whiifl 
during  six  warm  months  the  number  was  87,  duriug  the  ais 
winter  tnonths  the  number  nmouDted  to  127.  The  njontb  of 
January  was  characterised  by  3*3  shocks,  and  the  month  of 
June  by  only  10.  It  bas  becTi  calculated  that  the  mean  di- 
rection  of  propagation  is  S.  32<*  SO'  W-,  which  agrees  with 
that  of  the  Scandinavian  peninsula, 

Witliin  the  British  Islands  the  dates  of  317  earthquake* 
are  recorded,  108  of  them,  being  in  the  present  tentury.  Of 
these  123  were  in  the  winter  months,  and  only  94  in  tbe  sum- 
mer months.  The  maximum  nuralier  (28)  was  in  December. 
The  mean  direction  was  S.  29^  5'  W.  to  N.  3St>  5'  E. 
Several  earthquakes  of  some  magnitude  have  been  felt  in  thd 
British  Islands  since  18&0,  most  of  them  being  in  winter.  A 
later  caleulation  by  Mr.  Milne  refers  to  139  Bliock&  in  Seot- 
land  and  116  in  England.  Of  these  153  were  in  winter  and 
102  in  Eumraer  months. 

In  the  Spaniah  peninsula  the  datee  of  !2!01  earthquakes  are 
recorded,  85  of  tliem  being  in  the  present  ceDtury.  Of  these 
114  were  in  winter  and  87  in  summer.     The  mean  horizontal 
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direction  ia  E.  31"  56'  S.  to  W.  SI'"  56'  N..  which  agrees  weil 
with  tlie  riecoi-iled  direction  of  shocks.  In  Fraiiee,  8witzet'la&d, 
theFUiine  Bwain,  mid  Relgiuni,  there  are  l,3tS9  dated  observa- 
tions. Eight  hundred  and  twenty-sii  of  the  shocks  w«re  in 
■winter  and  543  lu  Buramer.  The  maximum  was  in  Decemhcr 
173  and  the  minimum  in  June  77.  In  tbe  hasiu  of  the  Danuhe 
only  970  dated  observations  are  given;  of  these  113  «ere  in 
winter  and  I'^T  in  Bummer.  la  the  Italian  peninsula,  out  of 
984  earthquakes  681  were  in  tlie  winter  and  453  iu  the  summer 
months.  It  is  only  in  the  eastern  fiart  of  the  Mediterranean 
that  the  recorded  facts  of  earthquakes  seem  to  show  a  slight 
preponderance  of  shocks  in  summer.  Here  out  of  4;2;1  shocks 
108  took  place  in  the  three  winter  mouths,  January  to  March, 
and  103  in  the  succeeding  spring  moutlis.  liuC  there  ore 
115  recorded  as  observed  in  summer  (Julj  to  Se]PteiDberJ.  and 
103  in  autumn  months.  The  inllueuce  of  season  here  seems 
to  be  absent,  and  the  same  maximum  number  (40)  is  de- 
scribed for  January,  August,  and  September,  the  mininium^ 
(30)  taking  pkite  in  ihe  month  of  April. 

If  ive  cross  the  Atlantic  we  find  iu  tbe  Xorth  American 
land  of  the  northern  hemisphere  134  earthquakes  recorded, 
As  to  the  date  of  these,  SO  took  place  in  winter  and  46  in 
Buniiiter.  In  the  Central  American  diytrict,  though  knowii  to 
be  very  subject  to  disturbances,  there  aye  only  5ii  earthquakes 
whose  dates  are  given,  but  of  these  3"-^  occurred  iu  winter  and 
spring,  and  only  ilO  in  summer  and  autumn.  Tbe  totab  of 
winter  and  autumn  are  equal  to  those  of  spring  and  summer. 
In  the  West  InJitin  Islands,  of  090  earthquakes  14!4  occurred 
in  winter,  156  in  spring,  187  in  summerv  and  154  iu  autumn; 
but  as  the  cold  is  not  greater  in  the  winter  months,  Uie  t«irms 
must  be  nnderetood  to  mean  only  the  months  whitb,  iu  the 
temjierate  siones,  are  known  by  thone  names.  The  observa- 
tions, though  not  very  numerous,  conceniing  tlie  dales  of 
earthquakes  in  Chili  and  the  basin  of  La  Plata,  ayree  with 
those  of  the  West  Indian  lalanda,  and  not  with  those  of  Europe. 
As  a  freneral  summary  of  the  facts,  we  may  state  that  of 
Q,OI^O  earthquakes  iu  Europe,  of  which  ut  least  the  season  of 
their  occurrence  (winter  or  sumraeT)  is  known,  and  of  which 
,688  date  since  the  commeucement  of  the  last  century ; 
1,163  took  place  in  winter  and  autumn  months,  and  only  857 
iu  spring  and  summer.  The  largest  number  in  a  month  was 
"58,  in  January;  the  smaliest  was  ia6i  iu  May.      So  Ca,v  os 


,128  PHTStCAL   GEOGBAPHY, 

Enriipe  is  concerned  it  would  bJso  seem,  that  taken  in  ereij 
way  iu  fiat-h  separate  disirict,  except  that  of  the  eastern  Meili- 
terraneiiii,  and  for  the  last  five  centuries,  there  has  been  a 
marked  and  even  large  predominance  of  disturbance  about  the 
time  of  the  winter  sohtice,^  arid,  as  marked  a  rainimun)  of  dis- 
turbance at  the  time  of  the  Buirraer  solstice.  It  oiaj  also  bfl 
''stimated  from  the  observations  of  a  period  of  twenty  yeare  nf 
the  present  century,  which  there  has  been  nothing  to  interrapt 
ready  communication  ajid  the  publication  of  all  extraordinary 
necurrencea,  that  at  leiiat  forty  earthquakes  per  annum,  or  ooe 
in  every  nine  dttys,  are  felt  on  the  contineut  of  Kurope,  and 
the  immediately  adjacent  ialands. 

An  exceedingly  important  suggestion  was  made  by  Pro- 
fessor Perreyia  1853^  and  reported  on  by  the  French  Academj 
in  reference  to  the  periodicity  of  earthquakes,  and  the  con- 
nection that  may  exist  between  them  and  the  moon's  4^e. 
From  the  nb3en'ations  of  four  years,  from  ]  841  to  1 8-1 5,  verj 
carefully  tabulated,  he  finds  that  the  number  of  eaithquakes 
occurring  near  the  times  of  new  and  full  moon  arc  to  those  at 
the  quarters  as  -iT  :  S9.  Tins  conclusion  cannot  lie  regarded 
as  in  any  way  eslablrebcd  ;  but  if  it  should  ba  so,  it  points  to 
the  iufiuence  of  currents  of  earth  magnetism  in  producing 
eartbqualies,  or  rather,  perhaps,  in  determininf»  the  precise 
date  of  their  tx^currence.  The  whole  subject  of  the  periodi- 
city of  earthquakes  must  be  considered  with  reference  to  this 
important  form  of  force  which,  a  3  we  know,  depends  on  Causes 
altogether  external  to  the  earth,  and  derived  fi'om  the  buh 
itself  as  the  centre  of  our  system. 

The  connection  betneen  eaithquakea  that  occur  at  aboat 
the  same  time  in  different;  districts,  and  the  range  of  earth- 
quakes under  extraordinary  circumstances  are  matters  that  re- 
quire allusion.  Ca-nes  sometimes  occur  iu  which  small  earth- 
quakes of  the  third  class  are  felt  hi  places  not  a  hundred 
miles  apart  within  a  few  hours,  or  two  or  three  days  of  each 
other,  but  between  which  there  appears  no  relation  whatever 
Other  cases  are  not  rare  in  which  a  gentle  but  contitmoug 
tremor  atTecta  a  whole  district,  numeroua  small  unduletioua 
being  50  clearly  propagated  through  the  earth  that  the  rate  of 
transit  of  the  wave  may  be  calculated.  In  the  yeai's  1641. 
184S,  (between  the  33rd  July  of  the  former  yeai'  and  the 
8th  June  of  the  latter)  about  CO  small  shocks  were  felt  and 
recorded  at  Comrie,  in  Pertbsfaire,  Scotland.     Of  these  13 
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curred  oq  30th  July,  and  the  rei*t  were  irregularly  dis* 
tributed.  Between  Jst  July,  18'l!2,  and  that  day  twelvemonth 
tHrty"  more  shoclis  were  felt  at  the  same  spot,  and  besides 
them  e&veral  not  iucousidemble  distarbances  in  various  parts 
ofEoglnnd.  The  uioat  remarkable  day  was  17tb  March,  1843, 
when  almost  the  ^shole  of  ihe  western  part  of  England,  the 
Channel  Islandsi,  the  Isle  of  Man,  the  noi-tli-eost  cDmer  of 
Ireland,  and  the  south-we&t  of  Scotland,  experienced  ahocks; 
hut  none  were  felt  at  Comrie.  On  the  other  hand,  in  1^43, 
on  the  25th  August,  a  severe  earthquake  was  experienced  at 
Cororie,  aniil  within  an  area  of  morwthflu  100  &QUaire  miles,  with 
about  equal  intenaity.  These  are  all  esamples  of  amaW  vibrsr 
tioDs,  and  generallv  email  vibmtjons  frequently  repeated  are 
not  very  iikely  to  be  followed  by  serious  disturbances  and 
earthquakes  of  the  first  class.  Other  instanceg  of  long  con- 
tinued slight  treraorg  occurred  in  1839  at  St.  Jean  de  Mauri- 
enne,  in  Savoy ^  and  at  Kagusa,  on  tho  coast  of  Italy,  in  the 
years  from  1843  to  1850. 

Earihqunkes  tJiat  eannot  te  traced  far  may,  however,  be 
extremely  violentj  and  esaraples  of  &uch  convulsions  are  not 
uncommon  in  Tolcanb  districts,  after  some  iuten'uption  of 
Tolcanie  eruptions.  Thus,  on  the  5th  February,  1T&3,  a 
great  earthquake  n'as  esporieuced  at  Calabria,  in  Sicily,  by 
which  the  town  of  Calabria,  and  about  200  other  towns  and 
villages  were  destroyed,  and  100,000  human  beings  perished. 
The  disturbance^  however,  was  limited  to  an  area  of  about 
GOO  square  miles,*  On  the  other  hand,  the  great  and  cele 
hrated  eartliquftke  uf  Lisbon,  which  took  pliice  on  the  Ist 
November,  ]  755,  vms  felt  throughout  an  oval  area  of  enormous 
dimensions,  the  periphery  of  tl^e  oval  reaching  westwards  in 
Europe  as  far  aa  Bohemia,  where  the  hot  springs  of  Toplitz 

•  It  is  recorded  that  during  this  remarliable  eartliquoke  the  earth 
■was  in  one  pnrtiL'ulfir  spot  rent  hy  doep  cll^nis,  nnd  ic  violently  rocked, 
tlmt  Ihe  bcaija  of  tbo  largest  trees  uhijost  touched  the  ground  on  either 
■cde.  Kot  only  was  nO  kind  of  building  able  to  resist  tlie  movemDnt, 
bnt  trapta  of  land  wera  actually  rcmovaci  horizontally,  &o  that  Gelda 
planted  with  diCerent  Jdndg  of  com  had  eichanged  situfttions,  Not- 
withatiuidillg  this  e\tmoTiims.Fy  BmouUt  of  lacal  diatilrbaupii,  the  towns, 
area  at  a  conjparHtiTelj  short  distance,  were  not  injured,  and  in  tha 
country  tho  ahock  waa  BCarcoly  fait.  ThQ  contraait  betfreen  this  &nd 
the  Lisbon  eartlKjuflko,  Bcurcely  more  BflTere  at  any  point,  is  eroGBdingly 
remark&Me,  and  prohnblj  dao  to  tho  much  smallor  depth  uf  tht;  point 
of  paroxy&mal  diaturbsuce, 
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were  affected,  and  northwsrds  to  the  shores  of  the  Baltic.  It 
traversed  tVie^ At!  antic,  near  ihe  ArL^iic  cift'le,  t'TossingCanftila, 
north  of  ihe  great  Jakea,  and,  coming  southwatde,  included 
within  its  area  the  West  Indian  Islands^  and  re-crossed  tte 
Atlautic  to  the  northern  shores  of  Africa.  An  example  of 
■very  mde  area  of  earthquake  action  and  repeated  coii\'uIaionB 
occurred  in  1835,  when  aevertJ  towns  were  destroved  betwetn 
Copiapo  and  Chiloe,  on  the  west  coast  of  South  America  and 
at  the  same  time  the  i&kud  of  Juan  Fernandez,  3G^  miles 
from  Chili,  was  vio^entlj  shaken.  More  than  300  shwks 
were  counted  in  this  district  between  20th  February  and  -Ith 
March  in  the  year  mentioned,  and  be/ore  this  the  whoie  coast 
of  Chili 'bad  been  visited  by  a  most  destructive  earthquake, 
felt  simultaiLeouslj  through  a  space  Ij^OO  miles  &om  north  to 

BOUth. 

The  distance  Hjctween  the  estreme  points  affected  by  an 
earthquake,  and  careful  obsenationa  niade  at  Tarious  pointa 
as  to  the  amount  and  direction  of  the  wave^  enable  the  malhe- 
maticifin  to  estimate  ivithin  certtiin  limits  the  probable  depth 
at  which  the  paroxysm  originated.  That  this  diflfera  eiceed- 
ingly  in  different  cases  there  can  be  no  doubt,  but  it  must  be 
understood  that  only  a  very  rough  approximation  can  in  aay 
case  be  obtained. 


PART   THE    SIXTH. 

LIFE. 


THE  DISTKreUTIOX  OF  PLANTS  IN  TITE  pnTEHEST 
C0UKTHIE3  OF  TH:E  EARTH. 

In  the  introductory  thaptets  of  the  preBent  volume,  vital  energy 
haa  been  alluded  to  as  a  form  of  force.  Tkia  may  have  seemeii 
strange  to  some  readers,  but  it  i^  consistent  witli  all  the  results 
of  modern  enquiry  to  assume  that  vitality  is  one  of  the  many 
results  of  the  motion  that  takes  place  among  material  atoms. 
We  have  seen  that  force  is  convertible  into  heat,  or  that  it  may 
be  developed  as  iight,  or  that  it  may  prBsent  itself  as  chemical 
action,  electricity,  or  mugnetism.  Wherever  and  however  it 
is  ahoviTi,  motion  is  evidently  one  of  the  importent  properties 
of  malterj  and  it  is,  perhaps^  indispensable  to  the  very  existence 
of  matter  in  the  niiiverse.  Matter  and  motion  are  ideas  which 
■we  can  hardly  dissociate.  They  belong  to  each,  other ;  Viith 
them,  we  have  the  world  and  the  material  universe;  without 
them^  there  is  simply  nothing.  If  in  this  sense  alone  life  is 
indissolubly  bound  up  with  the  other  results  of  force,  it  foUona 
that  it  ia  one  of  the  forms  into  which  motion,  produced  in  or 
transmitted  through  matter,  may  he  modified, 

Viewed  in  this  light,  it  is  not  difficult  to  perceive  that  life 
in  some  way  may  be  co-existent  with  the  uuivei^e,  although 
the  exact  form  and  the  conditions  in  which  it  exists  have 
admitted  of  infinite  variation.  As  we  recognise  a  peculiar  ar- 
itingement  of  matter,  and  its  distribution  into  earth,  air,  and 
water,  ao  these  connect  with  life  and  are  inseparable  from  a 
definite  idea  of  its  nature.  The  conditions  of  existence  at  any 
time  are  sjiaply  the  actual  conditions  of  the  earth  at  that  time. 
If  they  are  not  fitted  for  life^  there  is  no  life — the  forces  are 
otherwi&e  occupied.    If  they  are  bo  filled,  M^  B.'^^eam*    \A'a.s 
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in  this  sense,  U  tiot  an  exceptiona]^  but  an  essenlial,  pheno- 

Tliere  is  do  epeeial  materialism  in  this  view.  We  sair  only 
that  life  is  a  part  of  nature,  and  that  it  is  a  logical  and  neces- 
fiaiy  consequence  of  the  exiatenc*  of  a  material  universe  under 
certain  conditions.  The  mutual  relations  of  matter  and  motion 
lM?ing  once  established,  ihej  have  remained  in  perfect  harmony 
and  syetem — one  aeries  of  events  naturally  growing  out  of 
another  system.  All  we  say  is,  that  such  is  the  order  and  law 
of  Creation,  Whether  it  be  more  reverent  to  regard  life  as 
effected  imperfectly  by  a  method  of  interposition,  and  by  the 
modiScHtion  of  an  incomplete  method,  imagined  in  one  w«y 
and  improved  from  time  to  time ;  or  whether  it  he  not  more 
to  the  honour  of  the  Creator  to  believe  that  he  originally  de- 
vised a  perfect  system,  that  should  run  ita  course  from  begin- 
ning to  end  without  interruption,— ivs  must  leave  our  readers 
to  decide.  If  we  can  discover  traces  of  a  plan  that  hasj  fldwajB 
developed  and  will  continue  to  develop  perfect  results,  adapted 
in  ever}-  cose  to  auch  changes  as  in  the  full  working  out  of  the 
Bystem  dust  occur,  we  obtain  nelthei"  an  irreverent  nor  material 
■  view  of  the  Divine  mind.  We  cBunot  attempt  to  mdicate  tho 
working  of  this  plan  in  all  its  details,  but  we  may  discover  and 
point  out  certain  lawn.  Among  theae,  the  law  of  distribution 
of  organic  beings  on  tha  earth  is,  perhaps,  the  most  important 
of  all.  The  diacovery^that  such  a  law  BKists  ought  not  to  be 
unsatiafactory  or  painful  to  any  one  who  seeks  merely  truth, 
as  it  may  he  leEirnt  by  enquiry  of  Xature. 

Vegetable  and  animal  lite  require  that  certain  portions  of 
the  aolida,  fluids,  and  gases  coramonly  present  in  the  earth 
should  enter  into  new  combinations  and  becoiae  capable  of 
being  reproduced,  but  always  with  such  small  modiGcationa  as 
circumatouces  may  render  desirable.  They  require,  also,  a 
constant  and  lai^e  eshibition  of  force  exhibited  in  motion  and 
heat,  and  ocoaaionally  by  light  and  chemiwil  action.  In  the 
more  complex  forms,  electric  and  magnetic  forcea  are  also 
exhibited.  Life  is  eminently  active,  compared  with  inor^nk 
nature,  and  involves  an  enormous  amount  of  motion.  It  en- 
dures only  for  a  limited  time ;  but  similar  forma  and  com- 
biuRtious,  involving  similar  expenditure  of  force,  grow  as  it 
were  out  of  the  atoms  of  a  body  that  is  still  living.  Life  is 
propagated,  ao  far  as  is  known,  by  germs  proceeding  from 
other  living  bodies. 
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^A  certain  amount  of  air  and  water,  and  a  certain  aniQimt  of 

light  and  heat,  are  necessary  for  eaiistenee,     Tims,  th^^fe  are 

limits  of  time  and  limits  of  space  connected  witli  t)ie  distrilu- 

tion  of  life.     Life  is  most  active  where  there  is  waniith  and 

I   Buiilight,     It  dies  out  quickly  at  considerable  depths  beneath 

I  the  surface  of  land,  aud  at  great  heights  abo\e  the  sea.     Its 

i   simplest  combinations  are  met  with  where  it  shows  Itself  under 

the  least  favourable  conditions.     Where  the  conditions  are 

more  favourable,  a  struggle  of  different  forms  for  supremacy 

commetjces  ;   and  by  this  means  the  earth  aiwaya  exhibits 

I   esflfitly  so  much  aod  such  kind  of  life  aa  h  best  adapted  to 

esist  at  every  pointy  under  the  special  conditions  of  climate  and 

circumstances,  whatever  and  wherever  these  may  be. 

On  the  sides  of  lofty  mountains— on  the  ashra  a^^d  lava 
thrown  out  by  volcanoes— on  naked  rock— and  evsD  ia  the 
depths  of  the  earth, — ^tliere  ia  a  tendency  for  life  to  step  is 
wherever  there  may  be  a  place,  A  minute  red  funtrua  shows 
itself  oni  the  surface  of  snow  in  the  most  northern  part  of  ths 
Arctic  regions,  and  claims  to  be  life.  A  gelatinous  mass  ia 
separated  from  the  almoat  boihng  water  that  rises  in  hot 
springs  from  the  interior  of  the  earth,  and  calls  itself  organic, 
or  the  result  of  life.  Life  appears  a£  the  greatest  elevatious 
to  which  it  baa  been  possible  to  gain  access.  It  biia  been 
brought  up  from  the  greatest  depths  of  the  deepest  ocean  that 
have  been  reached.  Every  rock,  every  loose  stouc,  every  pool, 
wltere  there  is  light,  and  air  and  moisture,  may  become  tlie 
seat  of  life.  The  air  carries  the  gorm,  nr  the  water  conveys 
it.  Whether  the  original  germ  of  the  lowest  forms  of  exist" 
emce  are  derivable  aticorJing  to  any  law  that  can  be  discovered 
from  inorgftnic  nature,  is  still  doubtl'uL  But  it  ia  certain  lliat 
all  the  more  complex  forma  are  diatiuctj  and  that  no  one  has 
yet  succeeded  in  obtaining  life  by  artilicial  means.  Neither 
can  we  greatly  modify  the  forms  of  emtenee,  except  in  a  few 
special  casea. 

liui  we  know  that^  according  to  the  operiitioji  of  some  law, 
or  by  dome  interruption  of  law,  changes  do  take  place  from 
tione  to  time.  We  know,  too,  that  either  alteration  of  struc- 
ture and  modification  of  specific  form,  or  tho  introtJuction  of 
Hev?  fonng,  is  effected  occasiooally,  in  confonnity  with  some 
law  and  co-exi&Lent  with  clintigea  of  climatw.  Thus,  whilst  in 
all  parts  of  the  world,  and  through  all  time,  miuerala  and  rocks 
are  reproduced  esacUjr,  and  have  been  repeated  ^^tWiiX-cVtSi^?:, 
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both  plfljits  and  animaU  exhibit  adaptstion  and  suSer  modi£- 
Cfltion.  With  regard  to  organic  uatare,  we  have  re^on  tc 
conclude,  on  the  eontrary,  tliat  each  species  has  its  period  of 
life,  which  must  be  terminated  hj  death.  Just  as  each  suc- 
ceeding individual  of  a  faoiilj  prosenes  many  chaxacteristic* 
of  its  group  wiibout  absolute  identity,  so  in  the  caae  of  species 
there  ia  no  absolute  and  close  repetition,  but  oietely  a  family 
Te&eniblaflce.  And,  juiit  as  individualii  ai'e  born,  grow,  and 
die,  so  do  species  originate,  multiply,  and  disappear  from  the 
face  of  the  earth. 

Groups  of  plants  and  animals  are  distributed  according  to 
certain  laws,  both  io  vertical  and  horizontal  space.  Eacli 
group  tells  a  history  which  ia  of  great  value,  and  which  forms 
e  chapter  in  the  history  of  the  eanli.  Where  we  find  identicfil 
Bpeciea  spread  over  a  certain  area,  whether  continent  or  islands, 
we  may  be  sure  there  has  been  at  one  Uine  free  coramunica- 
tioui  although  now  mountain  chains  or  ocean  depths  may  in- 
tervene and  form  impnssable  barriers.  Where,  on  the  other 
hand,  in  pans  of  connected  lacd  there  are  distinct  groups  ocd 
representative  species  doing  tb6  same  work  in  nature,  there 
htu>  foraleily  been  geographical  separation ;  and  the  best 
adapted  species  mnst  inevitably  succeed,  in  time,  in  driving 
out  and  destroying  the  lesa  adapted.  This  is  a  great  law  of 
nature,  and  it  is  one  that  is  the  foundation  of  much  valuable 
geneiulisiition. 

It  has  been  fomid  convenient  to  group  plants  into  three 
principal  daaseSj  which  differ  much  in  their  structure  and 
mode  of  growth.  They  are  (1)  the  Cryptojamw,  whoae  flowers 
and  seeds  are  too  minuM  to  be  seen,  or  are  hidden  in  some 
unusual  part  of  the  plant.  Such  is  the  case  with  fuugi,  many 
eea  weeds  and  lichens,  mosses,  and  even  ferns.  They  have, 
in  Some  respects,  a  more  simple  structure  than  tie  other 

filants.  They  are  the  forms  of  life  that  appear  under  the 
e&st  favourable  circumstances.  They  range  more  widely,  and 
they  vary  loss  under  great  cbanges  of  condition.  They  endure 
thi'ough  longer  time,  and  range  over  larger  space.  They  are 
marvellously  abundjuit,  spreading  everywhere,  no  one  knowe 
how*  They  start  into  life  even  when  every  chance  nf  suCMSS- 
ful  growth  aeems  absent.  Their  seeds  are  always  at  bond,  in 
the  air  and  water  as  well  as  on  or  within  the  earth. 

Ne,\t  come  (■^),  the  Monocot^hdotis,  or  plants  that  grow 
from  simply  formed  seeds,  ripened  after  the  plant  has  fiowered. 
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The  seeds  rfb  like  those  of  the  various  grasscH  and  corn,  the 
joung  plant  comraeneiTig  Hfij  fta  oue  little  leaf  wpunJ  spirally 
'  outside  the  seed.  It  is  continually  followed  "luting  life  liy 
other  leaves,  and  the  outer  case  of  dead  Icavca  left  Lehind 
|^!!oiii€s  ultimately  a  woody  stem,  ivhilo  the  growth  contiuues, 
^pd  tlie  plant  mtiy  ultimately  become  a  tree.  Palm-trees  are 
■^good  exsraples  of  this  mode  of  growth  on  a  large  scale — all 
the  grasaes  are  iUuscraUona  on  a  small  scale. 

(3).  The  Dicotytedom  form  a  third  division.  As  the  atruc- 
tmre  of  monocolyledone  is  more  complex:  tlian  that  of  crj'pto- 
gams,  90  that  of  dicotyledons  is  more  eomples  still.  In  them 
a  double  seed  gives  off  two  leaves,  diverging  as  they  rise»  and 
allowing  a  woody  atem  to  come  np  between  them.  From  time 
to  time  branches  are  given  off  in  the  same  way.  In  the  larger 
plants  of  this  kind  a  growth  takes  place  outside  a  central  axis, 
the  estjjmal  coat  of  bark  being  the  most  esaeQttal  ptui:,  In 
larger  plants — aa  shrubs  and  trees — the  trunk  increases  by 
successive  rings,  which  mark  the  jeara  of  its  existence.  A 
pirculation  of  sap  or  jaice  keeps  up  a  fierpetual  life  through 
trunk,  branchea  and  leaves ;  leaves  at  a  certain  period  of  the 
year  develope  into  flowera,  and  theae  again  into  fruits,  and 
from  each  fi'uit,  if  placed  under  favourable  eondidoniSf  another 
growth  takes  place  of  the  game  kind,  and  a  new  plant  is  pro- 
duced- For  yeara,  centuries,  and  even  in  aotne  cases  thon- 
Banda  of  years,  the  growth  continues,  and  the  original  struc- 
tiire  remains.  Year  after  year  sees  a  productiou  and  decay  of 
the  leaves  and  the  flowers,  but  the  fruit  cast  into  the  ground 
preserves  the  identity  of  species  as  long  as  the  circutu stances 
are  more  favourable  for  the  growth  of  that  plant  than  aPy 
other.  With  many  of  these  plants,  however,  the  time  of 
existence  of  the  individual  is  limited  to  one  season.  The  seed 
dovelopea  rapidly  into  stem,  and  branches,  and  leaves,— the 
bnd  formE,  the  flower  appears  and  decays,  the  fi-uit  follows, 
ripens,  and  is  dispersed,  and  then  the  plant  dies.  Suth 
plants  are  called  annuals.  In  temperate  latitudes  one-sixth 
part  of  the  total  numbyr  of  species  of  the  two  more  complex 
forms  of  plant  life  are  onnuals— in  the  tropica  not  move  than 
one  in  twenty,  and  within  the  Arctic  and  Antarctic  circles  only 
cme  in  thirty.  Plants  that  form  a  solid  woody  stem  are  mora 
uumei-ous  near  the  equator ;  grasses  and  such-lil^e  plants  ar'S 
more  common  in  tlie  temperate  zones,  while  mosses  ami 
Kchena  abound  in  high  latitudes,  or  at  hijjh  eVc^ttlioixH.    'Y.^iLi:^^^-. 
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are,  however,  important  exceptiona  to  this  distribution,  espe- 
cially witli  regard  lo  ihe  ferns  and  other  liiglier  forme  of 
cryptogams. 

The  lUstribiitiotL  of  pltmta  bemg  dependent  on  faTounble 
conditions,  we  must  know  accurately  ^vhat  the  conditious  ore. 
if  we  would  understand  the  nature  of  the  group  likely  to  be 
found  in  any  given  place.  There  are  certain  parts  of  tie 
earth — as  EquAtorial  Aiueriea— that  seem  especially  adajiteil 
for  forest  vegetation ;  ccftaia  others— as  the  ialatiJa  of  the 
South  Seas — where  ferns  chiefly  inhabit;  and  others,  where 
lichens  and  moHses  are  most  common.  The  causes  are  for 
the  most  part  climatal,  though  soil  has  much  to  do  with  the 
deteriuimition  of  the  tribes  that  shall  flourish  in  any  district 
at  a  gjven  time. 

But  climate  does  not  depend  entirely  on  latitude>  and  tkus 
the  ilistribution  of  plants  is  not  conSned  to  definite  horizontal 
tracts  in  similar  geographical  position.  Although,  frenerally 
gp^akiiig,  the  climatal  conditious  arc  similar  in  places  simi- 
larly siuiated,  this  is  only  the  case  where  there  is  no  great 
difference  of  level.  On  the  sides  of  high  mountains  wilhia 
Jhe  tropics  we  may  find  every  variety  of  temperature,  fFom 
the  hottest  and  most  humid  atmosphere  to  a  ihin,  cold,  dry 
air,  like  that  within  the  Arctic  circle,  and  quite  as  cold.  We 
have  thus  certain  limits  of  vegetation  in  vertical  as  well  as 
horizontal  space.  Warmth  and  moiatEre  ore  conditions  emi- 
nently favourable  to  plant  life,  and  all  organic  nature  is  chiefiy 
fuergettc  where  these  abound,  provided  there  is  no  inter- 
ference of  interests.  But  where  there  is  such  iuterfereaca, 
whatever  be  the  cause,  the  species  best  adapted  to  the  condi- 
tions must  gain  the  day  in  the  great  struggle.  Sometimes 
vegetiitiou  advances  at  the  expense  of  animal  life,  but  else- 
where snimal  life  prevails  almost  to  the  exclusion  of  vegeta- 
tion. The  banks  of  tropical  rivers  at  low  level  are  examples 
of  the  former,  and  the  ■watei^  of  the  oceau  of  the  luttea'  case. 
Certoin  lynda  of  vegetation  uiidei*  certaia  cittumstances  wiD 
often  p^Srlmnently  exijlude  other  kinds. 

TberVare  a  number  of  recognised  botanical  regions  in  tbc 
earth.  The  number  of  these  regions  is  large,  and  not  abso- 
lutely defined,  as  botauicul  authoi-s  iocreaise  them  from  time 
to  time,  according  to  the  progress  of  discovery.  It  is  neither 
itecessflry  nor  desirabJe  to  trouble  the  reader  with  dctiuled 
accounts,  or  mere  lists  of  these,  the  object  of  Use  prf&eiit 
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tpter  being  rather  to  give  a  general  idea  than  teach  the 
special  facte  on  which  the  coticlusioiis  are  based.  But  it  "itIII 
be  useful  and  suggestive  to  place  before  the  student  the  out- 
lines of  a  compact  imd  concise  arrangeiuent  long  Qgo  sug- 
gested by  Humboldt. 

It  is  assumed  in  this  outliue  that  tbera  &ie  parts  of  the 
earth  where  tertaio  tribes  of  plants  are  most  at  home.  Here 
they  ovei^iower  ftU  intruders.  Hance  they  are  helieved  to 
have  diverged,  entering  ot-casionally  adjoining  territofies,  but 
not  coBqnering  them.  Each  group  is  supposed  to  have  a 
place,  and  for  the  present  each  ketps  it.  How  lon^  they  bavt: 
done  ao,  or  when  their  empire  wili  cease,  we  must  not  now 
consider.  The  former  inqmry  belongs  to  pal^ontologj',  or 
the  history  of  past  races,  the  latter  is  jiurely  speculative. 

At  pre&enti  then,  we  may  say,  speuking  of  lauds  near  the 
gea  level,  that  (1),  palms  and  bananas  are  the  plants  of  the 
equator,  up  to  ^.000  feet ;  (2),  tree  ferns  and  species  of  Jrcjis 
belong  to  the  tropics  generally,  corresponding  in  height  at  thtr 
equator  to  between  d.OOO  and  4,000  feeti  [^\  myrtles  and 
laurels  to  sub-tropical  regions  (4,000  to  9^000  feet) ;  (4),  ever- 
green trees  to  warm  temperate  countries  (6,000  to  8,000  feet) : 
5),  deciduous  trees,  such  as  the  oak  and  beecb,  and  most  of 
the  north  European  forest  trees,  to  the  colder  temperate  zone 
(8,000  to  JO,000feet);  (6),  pines  to  the  sub-arctic  zone  (10,51)0 
to  11,500  feet);  (7),  rhododendrons  lo  Arctic  latitudea  or  high 
elevations  {H.OOO  to  13,500  feet);  and  lastly,  (8).  the  lichens 
and  mosses,  and  what  are  Bometimes  culled  Alpine  plants,  are 
chiefly  met  with  on  the  lands  firound  the  two  poles*  or  on  the 
highest  points  of  land  at  ■which  vegetation  appc^ars  in  lofty 
iQountain&  (between  13,&00  and  15,500  feet  at  the  eiiuator). 

That  this  distribution  represouta  important  mid  inleiligible 
facts  no  one  will  deny,  and  it  will  be  evident  that  the  law  of 
distribution  is  applicable,  without  much  difficulty  or  error,  in 
the  case  of  mountaius  of  great  elevation  under  the  tropics. 
On  the  mountains  of  Jilexico,  whete  the  palm  tiourishea  at  the 
foot,  the  last  trees  are  met  with  at  a  height  of  13,000  feet, 
Abo%'e  them  are  Alpine  plants  and  lichens.  On  the  Himalaya 
mountains  tlie  birch  is  found  on  the  north  side  at  14,000  feet, 
and  the  Alpine  plants  reacli  much  higher. 

Although  there  is  a  general  correspondence  there  are  causes 
which  produce  a  marked  difi'ercnco  of  range  iu  different  parts 

the  world.     Thua  tlie  pine,  so  abund&ut  and.  cka.ta<i\ft,\\s>V\K. 


^tl 


uo 


PHYSICAL,    GEOGRAPHY. 


in  most  purLs  of  the  world,  ixnil  so  well  defined  in  its  liMiite, 
only  veiiclies  to  10,870  feet  in  the  Pyrenees  God  GJW  feet  in 
ibe  Alps.  In  Lnpladd  neither  the  pine  nor  the  hirch  rine  lo 
'J J 100  feet  ubove  the  sea.  So,  agnin.  the  rhododendron  is 
found  as  the  last  of  the  shrubs,  ^thiinijig  in  the  CaucHsas 
8,800  feet,  in  the  Pyrenees  8,300  feet,  in  the  Alps  7,4fcl0  leet. 
and  in  Lapland  3,01)0  feet. 

Onr  of  the  raoat  instfui!ti?6  facts  wilh  regard  to  the  diatri- 
butitrn  of  plants  is,  that  in  dilVert-nt  botanical  regions,  wlipilier 
fif  V* Ttical  or  homontal  sptiee,  it  is  usiiiil  to  fiud  the  species  s& 
far  alike  that  ivhen  carL-fuUy  cotopared,  and  even  recognisMi 
as  performiug  the  siirae  purt  in  nature,  tliey  are  frcquend) 
not  identica].  This  is  esptessed  by  niiLurahst'S,  wlien  tiey 
K peak  of  such  spi^ciL's  &s  rejueseutaiine,  In  situilai"  climali.-s 
in  the  oppi>aite  hemispherL'S,  where  there  can  have  bi?L'n  no 
comrauniration,  bL-cause  of  the  iatermediati'  belt  of  tropicnl 
climate,  this  peculiarity  is  best  seen  and  mojsL  readily  ud- 
mitted.  No  doulit  it  is  possible  that  even  Arctic  species, 
gradually  rising  from  the  level  of  the  sea  to  elevations  whenj 
their  own  climftte  prevaUs,  raaj  travisl  from  the  nortJi  to  die 
south  pole,  availing  theniselvt-s  of  tlie  great  meridiohal  cbniu 
of  the  Andes  and  Fvocky  I\[onntaiua.  In  this  vvfly  some  species 
obtain  a  wido  range.  But  it  is  dear  that  this  must  hn  e*,- 
oeptioual,  and  that  generally  there  will  ho  no  fioch  tmnamis- 
Bion.  Under  ordinary  circumstances  different  countries  liavc 
a  distinct  flara.  Must  we  then  assume  that  at  each  apol 
which  seems  to  be  the  metroiiolia  of  a  natural  group  there  vbs 
a  special  creation,  or  should  we  not  rather  assume  that  there 
exists  a  power  of  aduptation  and  modification— some  great 
natural  liiw,  whose  operation  is  to  develope  new  forms  li*om  oV\ 
speL^ies  from  time  to  time,  wheaevtr  tircumytances  call  for 
them  ?  This  is  a  quofstioii  not  less  interesting  lo  the  physical 
geographer  thon  to  tho  botanist.  It  must,  however,  be  re- 
membered that  tlitire  i^  really  identity  in  aoms  very  distant 
groups  of  plants.  In  these  cases  geological  conclusions  may 
sometimea  point  to  tho  true  cause — namely,  a  great  altemiion 
of  level  since  the  Bpecieij  waa  originally  introduced.  'ilH-y 
may  thus  have  raignited,  though  now  such  a  mode  of  trans- 
mitting identity  of  sjiecies  would  be  (juite  impossible,  since 
communiMtioa  ia  altogether  cut  off.  Thus  the  flora,  or 
natural  group  of  indigenous  plants,  now  cha rue i eristic  of 
Ticri'tt  dd  Fucgo,  ia  the  damo  aa  that  of  t!ie  Ciiilian  Andes, 
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Rm?  ns  tbo  isltmda  may  I'ormorly  h&va  bcoii  part  of  the  main 
Jacd,  the  trflnsiuission  is  [loasible. 

Thera  is  no  doubt  that  some  yilaiita  are  more  bardy  than 
otherSf  aud  more  capable  of  adtipliag  themselves  to  dmnge  of 
climate.  Such  plimta  will  certaiidy  migrate  louch  farther  thftii 
species  less  capable  of  inodificdtioTi.  They  tnay  even,  Home- 
times,  iitliiiilly  displa^-e  thi-  indigena.  There  seem  to  bo  a  few 
plants  common  to  England  and  Australia,  aud  others  common 
to  northern  Europe  and  North  America ;  and  the  existence  of 
these,  at  points  so  distant,  can  only  l*e  explained  by  the 
eKti'eme  hardiness  of  such  plants,  and  their  resistance  to  ea- 
tinction.  Tt  is  said  that  in  the  Falkland  Islands  thei*  are 
thirty  or  forty  plants,  of  species  ideotical  with  those  nalur&l  to 
Great  Britain.  It  is  chiefly  the  lichens  and  other  simpler  forma 
of  vegetation  that  range  thus  widely;  and,  indeed,  almost  all 
the  lichens  brought  from  the  soutliem  hemispliere  have  been 
identified  \nth  northern  species.  At  any  rate,  the  fact  of 
identity  of  species  in  distant  countriea  where  commuuication 
is  now  impossible,  is  very  important  and  enggestivo. 

To  couie  now  to  the  aclnal  floras  of  different  regions,  we 
rjiiiy  begin  with  those  of  the  equator,  and  the  portions  of  the 
tropics  immodintely  adjoining.  Several  groups,  marked  with 
tolerable  clearaesa,  may  be  quoted,  and  biiefly  alluded  to. 

Tbs  great  Archipelago  of  the  eastern  seas  (the  Indo-Aua~ 
tralian  archipelago  of  Sir.  Wallace)  is  a  district  perhopfi  the 
most  remarkable  in  the  world  for  its  active  volcanoes,  and  for 
proofs  of  enormous  reeentcbange  of  level.  It  is  a  good  starting 
point  for  the  phjaical  geographer,  as  one  portion  connects  itself 
vrith  Asia,  and  another  portion  with  Australia,  and  although  at 
fiRit  view,  all  these  islands  have  the  appearance  of  a  natural 
group,  they  are  really  veiy  distinct,  and  separated  by  a  broad 
line  of  demarcation. 

On  the  Asiatic  or  western  side  of  this  archipelago,  there  ig 
much  that  is  inleresiing  and  curious  in  the  tlora,  nlthmi^h 
most  of  the  specieft  are  identical  wth  those  in  northern  InJia. 
On  the  other  side,  towards  AustrflliB,  there  are  species  common 
throughout  all  the  lands  to  the  east  aud  south,  inilui.ljng  Aus- 
tralia itself.  The  Indo-Malayan,  or  westwiml  botanic  regioa, 
includes  magnificent  palms,  zamiaa,  cycads,  bamboos,  a  S'ingular 
myrtle,  a  mimosa,  the  teak  tree,  and  many  other  loss  known 
trefiS,  idl  f.baracteristic  of  tropical  vegetation.  Orchidaceous 
plants  and  tree  ferns  are  also   ex.ceeiitigV'S   aiiwwSLKrA,.    "^o 
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(xHiiitries  are  richer  in  frtiits,  and  manj  of  these  are  of  eitrt- 
ordinar}- flavour.  Java  is  perhaps  the  richest  of  ail.  laU, 
and  Dthera  of  the  group,  are  thickets  of  acrew-plne  :  the  cam- 
phor-tree, in  whose  stems  sohd  ]umi«  of  camphor  are  found :  s 
variety  of  myrtle,  whose  Imds  are  piclied  find  esported  u 
cloves ;  laurels  yielding  cinnamon  and  caasiii,  and  many  kinds 
ivf  pepper,  all  requiring  intense  heat.  The  caoutchouc  and 
gtitta-percha  trees  are  also  abundant,  and  the  nettles  are 
stimulated  and  developed  into  the  upas-tree,  one  of  the  mnal 
deadly  of  vegetable  poisons.  Many  of  tlie  lig-trees  have  juices 
so  acrid  as  to  remove  the  skin.  No  couoiiy  ia  richer  in  chib 
mouses,  and  Doue  presents  a  mora  dense  forestj  where  an  uaijet- 
growth  of  gigimtic  grasses  h  met  by  a  mass  of  orehidaceoas 
creepers  and  air  pknts,  climbing  over  the  tops  of  the  lofty  trees. 
No  leas  than  tSiree  hundred  orchids  and  tv.<>  hundred  dub 
mosses  have  been  desciihed  from  Java,  and  most  of  them  are 
peculiar  to  tbnt  isliind.  Separated  by  a  cliHunel  of  deep  sea,  nol 
fifteen  miles  wide,  we  have  a  region  of  a  totidly  different  charaD- 
ter,  in  which  the  ve-Tetable  life  resembles  that  of  Australia. 

Not  very  dissimilar  to  the  IndorMidny  Archipelago,  ind 
with  many  identical  species,  we  find  the  flora  of  the  plainB 
of  Hindostan.  This  region  extends  from  the  valley  of  the 
Ganges  to  Cape  Comoria.  Although  much  of  India  is  on  the 
verge  of  the  tropica,  or  even  beyond  them,  the  climate  is  tro- 
piml,  and  tropical  species  range  widely  and  uninterrupteilj". 
The  Indian  cotton  tree,  some  of  the  Hg-trees,  the  dragon's 
wood  tree,  the  ebony  tree,  and  the  gigantic  haiiyan.  the  palms, 
the  trees  yielding  ginger,  tree-fema,  numerous  trees  yieldiag 
dye  woods,  the  varieties  of  the  orange,  (almost  all  natives 
of  India)  inaumerable  parasites,  and  a  TQultstude  of  highly- 
scented  flowering  shrubs,  are  all  found  there,  and  many  of  them 
liavG  been  for  centuries  introduced  to  other  and  distant  coun- 
tries, where  they  have  taken  such  deep  root  as  to  have  become 
re^rded  as  natives,  and  where  they  hflve  often  driven  out  the 
real  indigens.  As  an  instance  of  the  luxuriance  of  growth  of 
some  of  these  trees,  it  may  be  worth  wbUe  to  menttou  the  fact 
that  aeveial  millioua  of  cocoa  nuts  have  been  exported,  in  oue 
year,  from  the  island  of  Ceylon  alone.  It  would  bo  imposaible, 
in  the  limits  here  assigned,  to  mention,  however  briefly,  atl 
the  important  plants  and  trees  met  with  in  this  maneUously 
rich  metropolis  of  certain  tribes  of  the  vegetable  kingdom. 

Only  less  \aried^if  not  ec^mJA^  xxtVLHx  \iaflaM.,  are  the  banks 
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T'the  gprrBTitic  rivers  of  tropical  South  Amoricn.  There,  on 
the  Amnzona  and  in  Brazil,  are  also  seen  endless  contrusta  of 
form,  eudlesa  varietiea  of  colour,  and  peculiarities  of  growth 
almost  ftmounting  to  auomftUes.  The  lajgest  trees  bear  biil- 
liaat  scarlet,  purple^  rose  coloured,  blue,  ajul  rich  yellow  fiowere, 
blended  with  ever}'  conceivable  &hade  of  green.  The  acacia  is 
repreaenteJ  in  many  varieties,  and  lofty  reeds  and  grasses  are 
mixed  with  a  multitude  of  creepers,  air  pkuts,  and  on;bids, 
bright  with  the  most  vivid  colours.  Five  hundred  spedes  of 
pfllmd  (half  the  total  number  of  described  species),  bignonias, 
with  their  huge  trumpet- shaped  flowera.  coffee  trees  of  many 
kinds,  and  the  majeatic  bombjs,  (iilk-eoiton  tree)  are  mixed 
in  strange  confusion. 

But  although  there  are  many  points  of  reaemhhmce  between 
the  tropical  vegetation  of  the  east  and  west,  tljeve  is  hardly 
any  identity  of  species*  What  is  eometitnes  called  the  Jacks 
^the  general  aspect — of  the  vegeta-tioo,  is  also  exceedingly 
different.  Each  is  gloriou.s  and  beautiful  in  the  highest  degree, 
but  the  style  is  difiereitt.  Nature  has  developed  difTereutly 
under  the  different  skies,  and  for  some  reason,  whose  wide 
action  m&rha  it  as  in  a  high  degree  important,  the  contrasts 
are  more  striking  than  tliii  rcfsemblances,  even  when  the  fact  of 
representation  of  the  species  is  most  evideutj  and  the  condiiiona 
of  existence  seem  to  ns  the  most  similar. 

Africa  abo  hfl&  a  tropical  ilora  of  its  own,  hut  it  is  both  less 
known  by  accurate  bntjnijcal  description,  and  apparenlly  less 
gtroDgly  marked,  African  explorers  have  rarely  been  ttchni- 
cfll  botanists,  and  the  few  physiological  botanists  vi'ho  have 
been  great  travellers,  have  not  yet  discovered  the  treasures 
that  must  exist  in  the  lauds  recently  visited  antl  approached 
near  the  equator.  More  iw  known  of  the  west  than  of  the 
eaBt  coast.  Most  of  the  tracts  yet  visited  on  the  east  sitle,  and 
richest  in  peculiar  forms,  have  been  too  much  above  the  level 
of  the  Sea  to  allow  of  a  growth  of  tropical  Tegetatiou,  that 
should  cumparo  with  that  of  India,  the  Indian  Archipeiago,  or 
BrazU, 

It  would  seem  that  the  plants  of  the  east  and  west  sides  of 
equatorial  Africa  are  reaUy  distinct.  On  the  eastern  side, 
where  Africa  touches  Arabia,  the  flora  of  the  coast  ia  common 
to  tlie  two  couutriea.  The  Euphorbia  tribe,  however,  is  en- 
&enrially  African,  and  forms  a  connecting  hnk.  The  varieties 
are  luanj;  but  they  are  not  generally  handBomei '^Mi.Xa .    ^tv 
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tho  wost  const  is  found  the  haohah  (Adnnsoiiia)  of  Senegal,  the 
ciroumfert'DLie  of  whose  ^tetn  is  sometimes  double  the  helghl 
of  the  tree.  We  have  al&ti  the  Pandumts  candelabrum,  rising 
solitary  on  the  plains,  with  its  long,  forked  branches  and  stiff 
leaves  ;  the  pilm  oil  tree  on  the  coast,  and  the  niaogrove  in  the 
water.  Those,  if  not  indigenousj  are  now  predominant  and 
characteristic- 
Tropical  Arabia  is  a&  remarkable  for  its  balsama  and  richlj- 
ficented  guraa,  as  the  iglanJs  of  the  Indian  ArL-hipelago  for 
apices,  and  South  America  for  its  gorgeous  {"oloura.  Coffee, 
now  Lest  cultivated  there,  ia  belieyed  to  have  come  froia 
Etluopia  ;  but  lie  figs,  mimosas  and  date  palms  of  Aiubia  are 
its  own.  The  extreme  dryness  and  great  heat  of  the  climate 
appear  favourable  for  the  development  of  those  essential  oila 
tbut  abound  in.  the  odoriferous  plants  snd  tlowera  of  this  part 
nf  the  tropica. 

Out  of  the  tropica,  both  Dori;hem  and  southern  Africa  aifl 
rich  in  peculiar  formg  of  vegetation.  Towards  Europe,  indeed, 
the  vegetation  nort;h  of  the  desert  is  nearly  iiieutical  with  tliat 
of  the  Mediterranean.  Towards  the  equator,  the  tropical  cha- 
racter is  soon  recogDJsed.  On.  the  aoutb  side  of  the  eijuator, 
the  interior  of  Africa  ia  less  crowded  with  large  vegetatiun  thaa 
the  south  temperate  repioua  uf  South  America.  Almost  all 
the  plants,  also,  are  highly  characteriatic.  With  a  poor  soil, 
dried  up  and  burnt  for  a  large  part  of  the  year,  the  heaths 
and  those  plants  called  by  botaniats  Protea,  are  exceedingly 
varied.  The  Euphorhiffi,  also,  are  present  in  great  strenglii- 
These  succulent  plants,  growing  into  trees  forty  feet  high,  often 
of  the  stTrtiigeat  foi*m  and  shaped  like  a  vast  cEindebibmin,  are 
entirely  witljout  leaves^  and  are  tovered  with  prickles.  Tha 
Zamiu,  another  atrange  and  reprtisentative  form,  is  also  com- 
mon. The  Euphorliitc  represent  the  caotns  tribe,  and  the 
zamia  the  cyaads,  but  they  are  quite  distinct  in  botanical 
chflraj^itep.  The  thorued  acacias  are  also  common  in  this  dis- 
trict. 

Australia!  Silte  South  Africa,  eshibits  highly  characteriatac 
forms  of  vegetation.  The  giim  trees  {Encalypixts)  and  leafless 
acacias  are  ctamples.  Even  the  fonner  are  dull  aijd  gloomy 
forms  of  vegetation,  while  the  latter  are  wintry  and  forbidding 
iu  the  e.\trijme.  The  leaves  of  the  forest  tre^  are  generallj 
of  a  dark  olive  greeu ;  nnd  it  is  only  in  the  northern  part, 


I  OT  within  the  tropica,  that  the  character  of  the  vege- 
lutiQU  improves. 

It  must  not,  liowETor.  be  supposed  that  there  is  no  beauty 
in  the  Austrahaa  forests.  The  trees  are  often  rich  in  colour 
and  varied  in  form,  but  tbej  ai'e  always  peculiar,  and  verj' 
difitini't  ill  all  ea&entiuhi  from  those  of  Sooth  Africa.  Norfolk 
Island,  not  far  from  Australia,  is  the  home  of  the  ferns.  On 
the  other  hand,  only  one  species  of  tree  fern  is  fonud  in  Ths  ■ 
rnouia,  although  the*  distance  is  so  abort  that  the  islanda  of 
New  Zealand  and  Ta.smania  might  reasonably  be  supposed  to 
have  had  a  common  origin^  New  Zealandj  exceedingly  rich 
in  the  Coniferie,  or  pinea^  la  also  welt  supplied  with  sjiecies  of 
plants  not  elsewhere  known.  The  vegetation  in  that  country 
affords  a  multitude  of  forest  trees,  but  none  that  can  he  regarded 
ag  representing  either  the  oak,  the  birch,  or  thf  willow.  And 
yet  New  Zealand  is  nearly  the  antipodes  to  England. 

The  forests  on  the  banks  of  the  South  American  rivers  away 
from  the  tropics  are  almost  aa  varied  and  beautiful  as  those 
dose  to  the  equator,  and  contain  many  noble  trees  not  else- 
where found,  but  affordiug  admirable  timber  and  dehcious 
fruit :  the  palm  and  cinchoria  (yielding  Peruvian  hark)  abound, 
and  the  algarobii,  a  kind  of  acacia,  yields  a  bean  used  by  the 
Indians  both  for  bread  and  to  make  n  strong  fermented  liquor. 
The  doe  and  the  cnctus  abound,  especially  fcawarda  the  motm- 
tains.  Frora.  the  former  is  obtained  a  valuable  fibre.  The 
cochineal  insect  feeds  on  the  latter.  Those  gigantic  pines, 
the  Araiicaria  imlnicattii  of  Brazil,  anil  Araiicaria  eseceha,  of 
Norfolk  Island,  so  like  and  yet  so  different,  represent  the 
effect  of  climate  in  developing  analagons  forms,  under  circum- 
stances not  very  dissimilar. 

The  vegetation  of  North  America  in  the  north  tempemte 
zone  may  conveniently  be  compared  with  that  of  F-urope  in 
similar  latitudes*  There  is  a  certain  resemblance,  but  each 
has  a  distinctive  character.  Owing  to  the  presence  of  Ufty 
mountain  chains  running  from  north  to  south,  the  plants 
adapted  to  the  colder  regions  of  the  north  are  found  at  gra- 
dually increasing  elevations,  till  we  reach  Mexico ;  but  for 
the  same  reason  there  ia  a  marked  dilTeretice  between  the 
florae  of  the  eastern  and  western  divisions  of  the  country. 
Evan  on  the  two  sides  of  the  Alleghany  mountains  this  diirer- 
Buce  htt3  been  observed ;    but  the  plaina  west  of  the  Rock^ 
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mauntaiDB  exhiliit  in  a  more  iDa.i'ked  manner  a  vcgetatiou  of 
their  ovm,  and  are  di^tiuct  from  the  floras  of  the  coutral  filaicu 
qn  the  eftst^m  shores. 

But  the  flora  of  the  mitldle  states  of  North  Americar  in  a  lati- 
tude nearly  tlie  same  as  that  of  a  large  jiart  of  southera  Earope, 
exhibits  very  striking  peculiarities.  Tlie  evergreen  pines,  the 
Hcarlet  oak,  the  yellow  beech,  and  the  purjule  nyssa,  proda« 
iu  autumn  the  moet  marvtHous  effects  of  colour ;  and  under 
the  bright  sky  that  prevails  on  the  Atlantic  shores  they  are 
brilliant  to  an  extent  hardly  conceiTable  by  the  inhabitants  of 
our  cloudy  atmosphere.  In  these  cases,  however,  tlie  aualogy 
is  great,  and  many  of  the  trees  belong  not  only  to  the  same 
natural  groups,  but  are  epeciea  closely  aUied  to  those  of  Europe. 
Othera,  as  the  magnolia,  the  tulip  trees,  and  the  hibispue, 
ebaracteristic  of  North  America  from  Yii^nin  to  the  Gulf  of 
Mexico,  are  familiar  to  us,  as  having  been  introduced  succes- 
fully  into  Europe,  but  can  hardly  be  said  to  flourish  in  the 
Old  WorU.  But,  notwith standing  this,  the  facie/i  of  vegetatioa 
on  the  two  sides  of  the  Atlantic  is  quite  distinct.  Largeness 
of  dimensions  is  chBracterlstic  of  the  Americau  as  compnred 
vrith  the  European  trees.  The  Canada  poplar^  the  American 
chestnut,  the  American  sycamore,  t>ie  black  walnut,  and  the 
hiccory,— and  in  the  soulJiem  States  the  pitch  pine  and  tb& 
cypress,  witli  a  rich  uuder-growth  of  rhododendrons,  azaleas, 
and  many  berbacreous  and  climbing  plants,  are  illustiutions  of 
thifi  fact,  and  of  the  nature  of  the  difference  exhibited. 

There  are  in  North  Americii  two  wooded  regions,  separated 
by  vast  prairies,  where  gras^^es  and  hei'bftceous  plants  predo- 
minate. Magnificent  pines  and  nmny  other  timber  trees  are 
met  with  on  the  Pacitic  shores,  and  these  are  diiJtinct  from 
the  spei^ieB  in  the  east.  Mexico  and  Central  America  combice 
to  some  extent  the  vegetation  of  North  and  South  America, 
thotigh  approaching  the  latter  more  nearly.  On  the  higher 
gfOundB  oaks,  chestnuts  and  pines  abound ;  and  on  the  plains 
there  ai'e  palms,  log^vood,  mahogany,  and  other  equally  eharac- 
teristic  trees.  There  is  also  a  rich  vegetation  of  smaller  plants, 
of  T^hich  the  various  pepper  trees,  the  passion-flower  group, 
the  pine  apple,  tbe  tobacco  plant,  the  nidigo  tree*  the  yuoca 
and  aloe,  aud  the  yam,  are  familiar.  Species  of  the  ractos 
tribe  range  widely  through  the  whole  country,  and  the  Indian 
corn  or  maize  is  believed  to  be  indigenous.     The  sugar  cane 
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IB  ancl  has  been  fpora  time  inimemorial  corarnon  to  botli  the 
eastern  Bud  lYestern  tropij-a,  and  Ijas  also  a  wide  range. 

It  is  impogsible  to  spet?if|if  ell  tbe  peculiar  aud  familiar  plants 
of  these  wide  tracts  ;  but  it  will  be  evident,  even  from  these  brief 
references,  that  the  general  law  alluded  to  holds  good  ni  all 
these  extreme  cases.  Wherever  there  ia  a  broad,  natural  se- 
paration, either  by  deep  sea  or  lofty  mountain  range,  that  has 
endured  for  a  long  period,  the  vegetation  on  the  two  sides  of 
the  barrier  is  so  far  di&tinct  as  to  justify  the  conclu^iou  that 
has  been  suggested.  Islands,  for  the  most  part,  partake  of 
the  chaiiseter  of  the  adjacent  main  lands ;  but  i.vliiere  this  is 
not  the  ca^e,  a  good  ceagon  can  generally  be  assigned.  Thus, 
the  vegetfliion  of  Madagascar  is  to  a  great  extent  peculiar  to 
that  island,  and  has  more  in  comraon  with  the  Mauritius  and 
the  Isle  of  Bourbon  than  i\ith  India  or  Africa.  The  Sey- 
chelles islands,  ten  degrees  north  of  Mada^aBcar,  hnve  ft  re- 
mai"kti.ble  palm  of  their  own,  The  Sandwich  group  and  other 
islands  in  the  Pacific,  with  the  other  islanja  of  that  vast  archi- 
pelago, form  parts  of  a  great  natural  province,  very  distinct 
from  any  other;  and  the  Galapagos  Archipelago,  entirely  vol- 
canic, has  a  peculiai"  tlora.  Altbouph  under  the  equator,  and 
not  lofty,  these  islands  more  resemble  in  thtiir  vegetation  the 
cooler  parts  of  South  America  than  any  land  in  a  similar  lati- 
tude to  their  own. 

A&  the  Rocky  Mountains  of  North  America,  so  the  Andes 
in  South  America,  form  a  great  natural  barrier,  acniss  which 
there  is  little  or  no  emigration  of  plants.  No  douht  an  extreme 
ditference  of  climate  has  much  to  do  with  this,  but  the  fact  is 
rejum-kable.  On  the  western  side  of  the  Andes,  on  the  coast 
of  Chili,  and  far  down  into  the  south  temperate  zone,  the 
TBgetation  has  a  singularly  tropical  character,  thongh  the  cli- 
mate is  more  excessive  than  in  corresponding  latitudes  in  the 
north  temperate  Kone.  This  is  the  case  at  considerable  heiglits 
in  the  Andea  of  Chih  and  in  other  parts  of  the  same  great 
chain. 

Extreme  humiilJty  and  a  very  eqnable  climate  arc  charac- 
teristic of  the  ishmds  in  high  Houtherly  latitudes,  and  the  vege- 
tation correaponda  with  thi$  condition.  A  pecniiar  evergreen 
beech,  and  another  well-marked  species,  ran^e  very  far.  A 
hardy  arbutus  uccorapanies  thetn,  and,  with  certahi  lloweriiig 
plants,  these  extend  into  the  region  of  Alpine  plants,  mosses. 
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and  lichens.  Generalljr,  it  has  been  reirmrked  that  llie  rtoTW 
of  most  of  the  grnufis  of  islands  near  llie  Antarctic':  Circle,  far 
removed  from  eadi  other  iu  longitude,  nre  much  more  simibur 
thim  is  the  cast:  in  correspotnling  latitudes  in  tho  uorihem 
hemisphere,  even  though  the  lands  are  there  connected  much 
more  closely. 

We  come,  Iflstly,  to  the  distribution  nf  plants  in  the  tS'oape- 
TJite  regiotiij  of  the  Old  World  and  in  the  An-iic  Circle — 
countries  varjinj^  much  in  dimnte,  but  aeparaled  only  slightly 
by  mountain  ridges  of  small  elevation,  since  the  great  moun* 
tain  chains  range  nearly  parallel  to  the  equator,  mid  thus  do 
not  interrupt  tliB  passaj^e  of  species  over  the  coutinuoua  laud 
stretching  uninterruptedly  from  west  to  east.  On  tlio  othi* 
band,  thi're  ere  suffiL^ient  breaks  in  the  Eoountaiu  chains  to 
allow  of  a  considerable  migration  from  north  to  south. 

Eyen  within  the  British  Islands  there  are  no  less  than  five 
hotanical  districta,  Indii^ating  many  migrations  tliat  havetalwn 
place  when  our  islands  were  connected  geographically,  ftud  by 
Jimd,  with  parta  of  Fiurope  from  which  they  am  now  quite 
sepftrottid.  Thus  the  flora  of  the  west  and  B0utli-Wi^5«t  of  Ira- 
land  J8  like  that  of  tho  south  of  SpaJjij  the  less  hardy  jilants 
being  absent.  Tbe  south  of  England  nnd  Ireland  resembles 
the  Channel  Islands — the  south-west  of  England,  Normandy 
and  Unttatiy — the  tops  uf  the  Scottish  hills  agree  with  EcQti- 
(Jinavia.  and  much  of  the  middle  of  Eugland  sho\ra  a  near  re- 
semblance to  Germany.  Three  thomiand  species  of  plants  have 
been  collected,  and  now  live  togethtr  in  a  certain  degree  of 
harmony,  in  the  sniall  compass  of  England,  Wales,  Scotlsnd 
and  Ireland ;  but  to  understand  the  relatione  of  these  it  is 
necessary  to  travel  fur  iind  make  much  carelul  comparison.  In 
a  word,  tbe  British  Islands  have  not  alwiiyd  been  independent 
of  the  main  land  of  Europe — they  have  had  tbe  opportunity  of 
receiving  mauy  series  of  plants  one  after  another — they  liave 
selected  from  each  that  whitih  was  best  adapted  to  the  peeu- 
liaritiPS  of  position  and  climate,  aud  yet>  in  spite  of  all  stnigglfl 
and  all  ailniixture,  it  is  not  difficult  for  the  botanist  to  point  to 
the  original  source  and  metropolia  of  each.  The  plains  to- 
wards the  Atlantic  and  the  hillf^  and  mountain  sides  with 
similar  exposure  are  very  different  in  easenUal  points  from  lbs 
mountains  of  Wales  and  Scotland,  and  the  hilla  of  Englanil. 
So,  also,  the  chalk  of  the  south-east  of  England  is  distioct 
from  the  oolitic  district,  and  this,  again,  from  the  new  red 
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pandstone.  The  carboiiiforous  limcstoiifi  nod  Llm  coiil  mea- 
Bures— the  old  red  saodslono  uud  the  silurian  rocks,  all  eihiUit 
(itJCSt  and  show,  in  a  mnrked  nmmier,  both  the  ehis- 
ad  tliB  rigidky  of  the  law3  tiiat  govern  the  distribution 
*pTaQt3  on  ike  earth. 
Central  Eufojiie  is  chiefly  characteriaed  by  deciduous  trees 
-"•trees  whose  leaves  fall  at  the  commencement  of  winter. 
Oaka,  elms,  beech,  ash,  maple,  limGs  alder,  sycamore,  larcli, 
fir,,  yew  and  pine  are  the  prevailing  species,  and  they  are  ac- 
t^'iDapanibd  by  a  roodorate  undergrowtli  of  wild  apjtle,  wild 
cherry,  holly,  hawthorn,  broom,  furze,  wild  rose,  hotiey^uckle, 
^cleinatia.  la  the  open  gronnd  we  find  rarrot  and  anise — tha 
family  containing  lettuce,  endive,  &c.,  (tad  that  of  which  tho 
turuip,  cabbage  and  cress,  the  wall-flower  and  the  stock  fira 
fjimiliar  examples.  These  hitter  are  eminently  chariicteristic; 
of  middle  Europe,  and  they  are  almost  conUued  to  the  nor- 
thern hemisphere.  They  ociiupy  the  pluina  and  low-lauds, 
ftud  occasionally  the  plateaus:.  The  mountain  sit^es  and  tops 
sre  jVixtic  in  their  Viggetatiim.  The  gvasaes  iiieluda  wheat, 
and  towards  the  northern  extremity,  barley  and  oats. 

South  of  the  mountain  chftin  wc  find  numerous  evergreens 
—trees  which  only  part  with  the  leaves  of  one  season  whfn 
they  are  dnv<.n  ofl'  by  those  of  the  next,  Tlie  ilex  and  cork 
oak,  the  c^-jiress,  the  hornbeam,  the  sweet  chestnut,  the  laurel 
and  laurustinus,  the  carob  and  juniper,  the  arbutus  and  mjrtlu, 
the  jaamine,  and  many  kinds?  of  pine,  especially  tlia  Pltiua 
iti.aritliiia,  and  the  etoue  piue  {P.pinea),  ju'e  chjiracte fistic  in 
a  high  degree.  Aromatic  herbs  and  beantifid  flowering  plants 
are  here  indiffenoug.  The  anemone  and  tulip,  the  mignonette, 
TULTcissiiis,  gladiolus,  lilies  of  many  kinds,  and  the  ciimation, 
though  Nourishing  by  careful  cultivation  further  uorLh.  are 
here  native.  The  bakaraa,  the  oleander,  some  palms,  gi-a^sea 
bearing  millet  and  mfiize,  many  largo  sedges,  the  aloe  and  the 
cactus,  also  take  their  place  on  the  shore.-i  of  the  Medltena- 
nean,  while  the  grape-vine,^  the  olive,  and  the  oran^'e  and 
lemou  flourish  almost  as  freely  as  in  their  nativG  habitats. 

As  we  advance  eastwards^  however,  tha  conditions  of  dimute 
change,  and  t)ie  character ifitic  vegetation  changes  also.  Byria 
and  Asia  Minor  afy  common  ground,  and  partake  both  of  the 
east  and  west.  The  almond,  the  oleandei'  and  the  lociiiit  tree 
are  derived  hence  ;  the  wuhmt,  peai^h,  melon  and  cui^umbi^i", 
and  Bomc  of  the  many  nmiiuculij  come  from  l?eiri3\a",  ^Wi  ia.Vii 
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palm,  fig,  oliva,  vine  and  apricot,  are  believed  to  have  been  in- 
troduced from  Armenia ;  whiJe  oe  the  Black  Sea  we  have 
species  of  rhododeudrtju  jmd  a:4nleft  from  the  Hicflftk^-fts. 

The  rich  valleys,  opening  out  fro(a  the  lofty  toouutains,  in, 
warm  temperate  latitudes  of  westam  Asia,  yield  the  oriental 
plane,  many  odoriferous  shi'uba,  acacias,  mimosas,  tha  jujube 
ttod  the  UiiiiftiTsk.  In  spring  they  are  covered  with  clover, 
th3naa6  and  violets.  The  steppes  a,  little  to  the  north  ar«  also 
clothed  with  innumeralile  flowera  and  grasses  in  spring,  and 
wheu  attended  to  yield  incredibly  large  crops  of  wheat,  nitli- 
out  other  cullivatioa  than  an  occasional  fallow. 

The  deserts  on  the  norlbem  side  of  the  mountain  cb^n  tif 
central  Asia  are  dry  and  burnt,  but  thej  afford  fnod  for  nnme- 
rouB  herds.  They  separate  the  flora  of  western  from  that  of 
eastern  Asia,  ag  eshihited  in  China  and  in  the  Japanese  Is- 
lands. The  tea  plant  is  oue  of  the  moat  important  of  the 
cultivated  plants  of  the  Chinese  liora.  It.  is  a  bEtrdy  apecied 
of  camellja,  and  is  associated  with  many  ehrubs,  not  naigiug 
widely,  though  capable  of  being  cultivated  in  other  countnps. 
With  a  certain  resemblance  in  climate,  there  is  a  veiy  marked 
and  important  difference  between  the  flora  of  the  Pacific  aud 
tUn.t  of  the  Atlantic  coEiat  of  tiie  Old  World,  iu  similar  lati- 
tudes. 

Very  wide  tracts  of  northern  Asia,  (Uid  some  parts  of  the 
estreme  north  of  Europe,  are  charaeterised  by  Arctic  vegetaF 
tion.  The  pine,  thy  birch  and  the  willow  here  replaet  ihe 
oalt,  the  beech  and  otlier  forest  trees ;  poplars,  olms,  and  tha 
Siberian  pine  are  equaliy  different  and  equally  chitractetisdc. 
The  black  birch  is  associated  with  rhododendrons,  and  each 
terrace  of  the  mountain  chaiitBt  or  each  parallel  of  Iatitude,e3t- 
hibits  in  its  flora  the  amount  of  its  departure  from  the  tempe- 
rate zone.  Jlost  of  the  epecies  are  distinct,  even  where  tbe 
resemblanct^  is  suflicient  to  have  given  to  the  foot!  and  olh^r 
plants  the  Kame  names  as  those  by  which  the  eorreBponding 
apeeies  are  knoTvn  in  other  lands.  Wheat,  barley  and  buck- 
wheat, and  further  north,  or  at  a' higher  level,  oats,  are  alw 
grown,  but  they  liave  been  introduced.  Only  a  remarkobk 
griiss  and  a  ffw  stunted  forest  trees  are  indigenous.  Most  of 
the  food  planLs  have  hi'en  reduced  to  their  present  condition 
a$  cultivfltod  varieties  from  time  immemorial. 

Still  further  north  tlie  vegetation  is  idtogether  stut:ted-  and 
trees  disappear.     The  gentian,  certain  kinds  of  stouecrop^. 
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ttnd  ft  kind  of  ;^n&y  atill  remain,  hut  these,  iilso,  give  way 
before  loug  to  linheuB  ;  the  last  remains,  aa  the  fiist  commence- 
ment, of  vegetnble  life.  The  woody  plants  have  now  disappeared 
entirelj,  and  there  are  left.,  at  the  most,  a  few  plaola  uot  rising 
more  than  two  or  three  inches  from  the  ground., 

lu   all  tlie&e  differeut  placeB;  theti,  and  at  all  elevation^, 

there  are  certaui  tracts  of  land  in  which  certain  plants  occupy 

Uie  pnncipal  apace.     They  m^y  and  do  extend  beyond,  but  in 

that  Cft^  they  cea&e  to  be  representative  aoJ  characteristic, 

lOther  kinds  come  in  and  perform  the  same  part  in  nature, 

■■■troiying  or  obaciu-Jng  the  types  where  they  meet  on  neutral 

Bnvnd,  but  very  often  representing  verj'  closely  the  apecies  exist- 

,  ing  under  similar  circumatances  elsewhere.     There  are,  doubt- 

'leaa,  some  few  species  of  almost  universal  range,  aa  there  are 

others  limited  to  an  exceedingly  ^mall  area,  but  for  the  most 

part  the  range  in  kept  within  ilefinitB  hmita. 

There  is  an  important  vegetable  growth  in  the  sea,  different 
in  many  respects  from  that  belonging  to  the  land,  though 
there  are  certain  land  plants,  auch  as  the  mangrove,  that  can 
exist  permanently  in  sait  water.  The  marine  plants,  com- 
monly 80  called,  arc  of  two  Itinds,  one  jointed  and  thread-like, 
of  wluch  the  coufervae  are  examples,  and  the  other  leafy,  glu- 
tinous and  Bometimes  %toody-  They  are  often  attached  to 
stones,  but  many  hindy  are  provided  with  air  bubbles  to  float 
tliem»  ajjd  exigt  permanently  on  the  surface.  The  remarkable 
appearance  of  the  Sargasso  Sea  in  the  Atlantic  is  due  to  the 
presence  of  an  incredible  quantity  of  this  second  kind  of  weed. 
Certain  of  the  marine  planta  are  flower-bearing,  but  these  are 
very  limited  in  llieir  i"auge,  and  are  confined  to  coast  line^ 
Most  of  them  are  cryptogamic,  and  ^ome  of  them  range  very 
widely. 

De.  Hooker  has  distinguished   ten   provinces  possessing 

marked  peculiarities  of  marine  vegetation.     There  are  also 

provincea  of  depth;  but  tbeso  are  less  known,  and  apparently 

ISjju  important,  though  vai'ieties  of  colour  and  growth  are  very 

Hfciked-     Eightmarine  provinces  have  been  [k'scribed.    Theso 

are — (I.)  The  Northern  Ocean, near  the  Pole,  where  there  are 

numerous  forms  of  vety  simple  stmcture,  incredibly  abundant 

under  ceitain   circumstances,  and    ranging   to   groat  depth. 

(2).  Tlie  North  Atlantic,  inhere  several  species  oijucus  are 

characteristic.     (3).  The  Mediterranean,  \vhere  the  water  is 

^wrmer  and  the  growth  very  distinct.     (4).  The  tvo^i^ial  M.-  A 
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laotiOt  where  the  sargae^um  or  gulf-weed  ia  fouinl,  mlh  manj 
others.  (5).  Ilie  Antarctic  region  is  also  peculiar,  and  con- 
tains many  special  tbrms  of  enormous  dimensions,  forming 
submariue  forests  of  tangled  weed,  sometimea  300  feet  long, 
growing  off  Patagonia,  on  the  wostero  coast  of  South  America, 
and  among  tlie  Falkland  I&knds.  (5),  The  AustraliaD  and 
New  Zealand  region  is  quite  distinct.  It  includes  mauy 
Britiijli  species.  (7).  The  Indian  Ocean  aud  Red  Sea;  and 
(S),  tlie  Japan  and  China^  Seas. 

The  larger  and  more  highly  organised  forms  of  marine  plants 
are  for  the  most  part  widely  spread  and  easily  recognised; 
hut  there  is  not  unfrequently  to  be  reoogaised  on  water  a  duli 
filmy  oppearonce,  or  brown  sUun;  and  this  being  cxaniined, 
is  found  to  consist  of  small  groups  of  cella  which  mnUipfj 
with  a  marvellous  rapidity.  Each  one  of  these  obtains  from 
sea  water  minute  particles  of  tlint,  which  are  deposited  in 
pUtes  covered  mtli  lines,  and  marked  with  the  most  elegani 
patterns.  Tlie  cells  themselves,  being  simple  vegetable  pro- 
(Uictiotis,  decay  almost  as  rapidly  as  they  form,  hut  the  atoms 
of  flint  within  which  each  is  enclosed  are  permaneot,  and  auik 
down  in  time  to  the  bottom  of  the  sea.  To  such  an  esteal 
do  they  multiply  that  in  the  South  Pacific  Ocean  there  ia  one 
heap  which  covers  a  space  400  miles  long  and  ISO  miies 
hroiid :  the  thickness  being  great  aud  rapidly  increasing. 
Elsewhere  similar  rapid  accumulations  are  being  made  iiy 
means  apparently  not  less  inaJequate.  Thus  tbe  Red  Sea 
aud  lodian  Ocean  abound  vith  a  conferva  resembling  chopped 
hay,  which  is  found  also  in  the  Atlantic,  off  the  shores  of 
Brazil ,  Tbe  Japan  and  Cliioa  Seas  exhibit  other  peculiarities, 
and  belong  to  a  distinct  region. 

It  is  clear,  then,  that  a  general  resemblance  in  the  condi- 
tions of  exii^tence  In  different  parts  of  the  world  doea  not  in- 
volve identity  ef  vegetable  species,  for  in  many  cases  where 
the  climate  is  equally  favourable  in  distant  spots  the  species 
are  not  the  same.  Thus,  in  South  Africa^  New  I^^and, 
Australia,  and  Soiuth  America,  we  have  four  large  aod  im- 
portant districts  not  very  dissimilar  in  climate,  and  all 
iTrcrtainly  cnpuble  of  similar  growth  within  certain  limits. 
There  are  other  diatriins  north  of  the  equator  that  might  well 
compare  with  theye  in  point  of  climate,  but  if  wo  limit  the 
comparison  to  those  on  the  same  side,  we  still  lind  onJy  re- 
presentative species — hardly  any  that  aru  identical,     On  tfae 
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o&er  hand,  we  may  introduce  the  heaths  of  South  Africa  into 
Enrope  with  success,  just  aa  we  can  cultivate  the  potato  and 
grow  excellent  tobacco.  It  is  certain  that  species  introduced 
utificially  may  be  quite  as  well  adapted  to  the  climate  and 
soil  of  a  country  as  If  they  had  grown  there  naturally,  and  it 
is  impossible  not  to  repeat  the  inquiry  already  so  often  sug- 
gested ;  namely,  why  it  is  that  so  marked  a  difference  should 
exist  in  the  natural  productions  of  similar  climates  in  dif- 
ferent parts  of  the  world  ? 

The  view  that  from  time  to  time  new  centres  of  creation 
have  been  formed,  and  sets  of  plants  introduced  of  species 
entirely  new,  is  that  which  till  ktely  has  been  most  usually 
Adopted  by  naturalists.  It  hiLS  seemed  to  agree  with  the 
idea  that,  from  time  to  time  there  have  been  great  geolo- 
gical changes,  acting  so  widely,  and  in  a  manner  so  com- 
pletej  as  to  alter  entirely  the  general  face  of  the  earth,  and 
start  as  it  were  from  a  fresh  point.  This  view  is  not  sup- 
ported by  modem  discoveries  in  science.  There  is  no  proof 
of  any  such  convulsive  movements  involving  universal  destruc- 
tion. Neither  is  there  proof  of  any  corresponding  destruction 
oi  species.  That  new  forms  have  occasionally  been  introduced, 
adapted  to  changed  conditions,  is  certain.  How  or  when  they 
haTe  been  produced  is  stiU  a  mystery.  We  must  return  to  this 
subject  after  considering  the  distribution  of  animals,  and  the 
Instory  of  species  in  time  as  well  as  space. 


%& 


CHAPTER  XIX. 

~^3CJO>I8TRIBtlTlOir  OF  iNIMALa  ON  TEE  EAETH. 

The  diatiibution  of  groups  of  species  of  animalg  on  the  eartli, 
Bud  tbe  limitation  of  certain  species  to  deBnita  areas,  la  not 
less  distinctly  tracealile  as  a  great  law  of  nature  than  the  dis- 
tribution of  plants  m  diatiniit  regiona.  In  the  case  of  animals, 
no  douht  there  is  on  the  whole  Loth  a  greater  power  of  loco- 
motion and  a  greater  power  of  adaptation  than  in  most  plants. 
Even  the  animals  that  appear  most  fised,  as  those  inhabiting 
shells,  have  in  many  caaes  ample  power  of  migration  at  some 
period  of  their  ex iatent-e,  while  certain  trihea — as  fishea  and 
birds — would  seem  able,  if  they  desired,  to  find  convenient 
habitats  in  all  parts  of  the  element  to  which  they  belong. 
But  in  spite  of  this  there  is  the  same  general  grouping  observ- 
able. Species  appear  to  have  originated  in  certain  centres. 
Fram  the&e  they  have  extended,  but  they  have  not,  as  a 
general  rule,  reached  beyond  a  certain  point.  There  is  a 
kind  of  niftgic  circle  ffom  which  they  do  not  naturally  escape, 
although  if  thej  are  once  removed  from  the  infiuence  of  the 
Spell  thoy  eoinetimes  not  only  esiat  and  flourish,  but  even 
destroy  the  indigenous  species. 

The  case  of  the  horse  affords  a  good  illustration  of  this  fact. 
It  is  certain  that  the  native  home  of  the  horse  is  in  tlio  vast 
plains  of  western  Asia.  The  breed  now  rmining  over  the 
boundless  plains  of  South  America  waa  introduced  into  that 
country  by  the  Spaniards  only  a  few  centuries  ago.  But  this 
breed  is  now  m\d,  and  has  completely  tttken  possession  of  the 
country,  thrusting  out  other  animals  that  once  inhabited  the 
South  American  plains.  So  in  Australia,  the  dog  mtrodaoed 
by  tlie  Eaglidh  will  certainly  before  long  drive  out  and  destroy 
the  Australian  dog;  and  the  whole  niai'supial  tribe,  oneo  the 
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fprevailin^  type  in  Australia,  ^vill  booh  become  estinct.  Ta 
civilized  countries  the  wild  animals  die  off  by  degrees,  and 

;  thus  the  wolf  and  the  beaver  have  left  Englaod,  and  many 
feline  species  are  driven  out  of  Europe,  Some  auiuiftls,  such 
fl3  the  dodo,  common  a  few  centuries  ago  in  the  island  of  Bour- 
bon, have  become  extiuot,  aud  no  living  indiyidual  seems  left 
to  gratify  oar  curiosity.  It  has  often  been  observed  that  the 
rat  indigenous  to  England,  has  heen  driven  out  by  the  more 
vigorous  species  of  the  same  animal  that  hits  come  over  from 
northern  Germany.  Many  other  examples  might  easily  be 
found  illustrating  the  same  fact,  and  shoiving  that  what  may 
happen  when  species  ixre  artificially  iotroduced  by  man  does 
not  happen  in  a  atate  of  nature, 

At  the  same  time,  it  must  not  be  foTf^iotten  that  the  intro- 
duction of  man  was  a  part  of  the  great  plan  of  nature,  and 
therefore  that  all  the  modillcations  he  has  elTected  are  in  all 
probability  nothing  else  than  useful  and  suggestive  illustra- 
tions of  what  in  done  to  a  greater  or  less  extent  by  all  species. 
The  introduction  of  man  on  the  earthy  and  even  the  civiliaa- 
tion  of  certain  races,  to  some  extent,  is  cow  known  to  date 
very  far  back  in  the  history  of  tbe  world. 

No  doubt  it  is  a  principle  or  law  of  nature  that  the  method 
adapted  in  providing  inhafaitanta  for  any  district  involves  a 
special  adaptation  to  the  peculiar  conditions  of  tho  district, 
especially  its  pot^ition.  its  elevrttlon,  its  climate,  rain-fall,  and 
soil.  But  even  when  there  is  a  marked  and  close  resemblance 
in  these  respects  in  distant  lands  there  is  no  absolute  repeti- 
tion of  identical  Epecies.  Some  essential  di^er^nce  is  almost 
invariably  traceable,  although,  perhaps,  there  may  be  a  very 
close  external  rsiiemblance  in  addition  to  identity  of  habit. 
Sucb  ia  the  case  in  a  very  marked  degree  with  the  inhabitants 
of  the  land,  both  in  horizontal  and  vertical  space. 

A  precisely  ftimilar  metliod  of  laiv  may  be  enunciated  in 
reference  to  the  diHti'ibution  of  mitriue  anicnals,  Regions  of 
depth  correspond  with  zones  of  elevation,  the  inbabitants  b&ing 
OJftbcted  by  the  rock  bottom  much  as  tho  dwellers  on  land  are 
by  the  soil.  So  clearly  defined  are  tbeso  regions  that  in  h 
particular  part  of  the  Mediterranean,  between  Greece  and 
Asia  Minor,  where  the  facts  were  carefully  observed  some  years 
ago  by  the  late  Professor  E.  Forbes,  we  find  it  remarked» 
that  "  certain  species  in  each  are  found  in  no  otiier,  and  several 
are  found  in  one  region  which  do  not  ram^e  \ni.o  xVi%  tifsx 
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Hljove,  -whilst  they  extend  to  that  below,  or  vice  verad.  Cer- 
tain  species  have  their  maxiniuin  of  development  in  each  zoue, 
beijig  most  prolific  in  mdividttals  in  that  zone  in  whidi  is  thar 
maximum,  and  of  which  they  maj  be  regarded  a&  espedally 
characterisliic.  Mingled  with  the  true  natives  of  evfiiy  zona 
are  stragglers,  owing  their  presence  to  the  action  of  tJie  second- 
ary influences  which  modify  distribution.  Each  zone  is  capable 
of  BubdinsioQ  inlo  emaller  belts,  distlngu itched  for  the  oiont 
pajt  by  negative  clmracteis  derived  from  tlie  cessation  of 
species,"* 

The  animal  kingdom  is  distributed  partly  in  the  water, 
partly  on  the  surface  of  the  eartb,  end  partly  in  the  air.  In 
illuBtratiug  their  distribution,  it  ia  conveuieut  to  causider  the 
inhabitants  of  these  dilferent  parts  of  the  earth  separately ; 
and  we  may  conveniently  begin  by  an  account  of  those  mat 
isith  cbj^lly  in  the  water. 

The  inliabitants  of  the  sea  are  varied  and  multiplied  U>  an 
extent  often  little  appreciated.  AJl  dsHsea  of  animalfl  tliero 
find  representatives,  and  some  are  almost  or  entirely  confined 
to  water  &s  the  element  in  whitih  they  live  and  breathe.  Of 
the  mammals,  or  sui:ldug  auimula. — the  qaadrupeda  of  every- 
day life — there  are  numerous  examples,  not  less  remarkable 
fur  their  va^t  proportious  than  for  theu"  uBefidneBs  to  man. 
The  whales  of  all  kinds  haunt  the  ojign  ocean,  eomo  of  them 
being  the  largest  animala  in  creation.  The  common  whal^lione 
whale,  eiity  feet  long,  and  whose  head  alone  meEisurcs  twenty 
feet  in  length,  weighs  not  less  than  seventy  tons  whai  in  con- 
dition. This  animal  is  unable  to  take  within  its  capacious 
jawH  any  substance  except  the  most  minute  and  soft  animal 
matter,  and  feeds  on  food  apparently  quite  inadequate  to  sus- 
tain such  gigantic  life.  Other  whales  are  still  larger  and  yet 
more  strangely  proportioned,  and  are  supplied  with  different 
food,  generally,  however,  cuttletish  and  other  small  aniroala. 
All  kinds  are  capable  of  extremely  rapid  motioift  through  the 
water,  and  are  admirably  adapted  to  the  element  they  inhabit. 

Other  largo  and  cumbrous  auimalsj  suckling  their  young 
and  provided  with  at  least  the  rudiments  of  arms  and  legs, 
though  externally  fish-lihe,  are  often  met  with  in  high  lati- 
tudes, and  oceasioually  characterise  even  tropieal  seas.     Some 
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of  these,  such  as  tlie  seal  and  tvalrua,  are  quite  distinct  from 
the  wholes,  while  others  approach  the  lattev  far  more  nearly 
in  their  structure.  The  dugong  and  the  maimtee  are  of  tliia 
kind,  aad  from  their  occaaional  liabic  of  swimming  with  their 
calf-like  heuda  out  of  Uie  water,  they  have  given  riae  to  a  large 
claea  of  storiea  of  fabulous  ammah,  of  whicli  the  Hjermaid  and 
perhaps  the  great  sea-serpent  may  serve  as  illustrations.  The 
larger  seals,  as  well  as  these  sea-cows  (as  the  manatee  ia  called), 
yielJ  lunch  valuable  oil,  aud  are  killed  off  very  rapidly  for  this 
purpose.  More  than  three  millions  of  seala  are  reported  to 
have  been  taken  on  one  group  of  islands  in  Behring's  Straits 
in  the  &fty  years  terminating  in  1833.  The  walrus  isafiercer 
animal  than  the  seal,  and  not  unfrequentty  attacks  its  human 
enemies.  The  white  or  jiolar  bear  and  the  sea  otter  may  also 
he  regarded  as  marine  animals,  since  they  live  almost  entirely 
on  or  under  the  ice,  where  they  obtain  their  food,  rarely  ap- 
proaching [and. 

The  birds  that  belong  to  the  aea  are  very  curious,  and  their 
i)Qmber&  beyond  all  calculetion.  Every  naked  rock  or  surf- 
beaten  cliff  that  rises  over  the  immeasurable  deserts  of  ocean, 
is  the  refuf^e  of  myriada  of  sea-birds ;  every  coast,  from  tba 
jwles  to  the  equator,  is  covered  with  their  legions,  and  far 
from  the  land  their  sworma  hover  over  the  solitudes  of  the 
deep. 

The  penguins  are,  perhaps,  of  all  others  the  birds  that  most 
widely  depart  firora  the  oi-dinary  type  of  tbeir  class.  Their 
■wings  are  adapted  exclusively  for  motion  in  water,  and  they 

I  swim  with  such  rapidity  and  perseveraoce^  with  the  head  alone 
j  out  of  water,  that  they  frequently  overtake  fishes  in  fair  pur- 
suit. They  live  in  the  sea,  and  have  been  met  with  a  thousand 
miles  from  the  nearest  known  land.  The  larger  birds  of  this 
kind  sometimes  weigh  as  much  as  eighty  pounds,  and  in  their 
stomachs  have  been  found  ten  pounds'  weight  of  pebbles  and 
large  stones,  swallowed,  no  doubt,  tooasist  the  gizzard  to  pound 
up  (he  food  submitted  to  its  action. 

The   frigate-bird,  the  petrel,  and  the  olhatroas,  seem  to 

range  through  the  air  over  the  whole  extent  of  ocean,  from 

i,      coast  to  coast,  of  the  Atlantic  and  Pacific.     The  pelican,  also, 

i      and  the  cormorant,  are  far  more  nearly  dependent  on  water 

II  than  land.     They  are  all  birds  of  powerful  and  rapid  Eight, 
feeding  on  fishes,  and  rarely  seen  far  inland,  though  often 

I      stretching  to  great  distances   across  wide  ex'pEnisft'i  ^i  ^fia..  1 
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Thanka  to  them,  we  have  those  accumulated  masses  of  guaci: 
M-liivh  help  to  fertilise  our  lauds.  Some  idea  of  the  eitent  of 
these  toassea  may  he  oLtalued  wheu  it  is  etated  that,  od  tte 
island  of  Iquique  alone^  upwards  of  sis  millions  of  collie  feet 
of  giiano  have  b* en  removed  mthin  the  Ifist  thirty  jeara,  while 
in  the  rear  1854,  not  less  thuu  half  a  million  of  tona  were  es- 
poried  from  the  Chincha  Islands. 

Although  ihare  is  no  reliahle  Bvidence  of  the  esisteooe  in 
tho  ocean  of  a  gigantic  reptile  resembling  a  serpent^  there  are 
undeniable  sea^snalies.  poisonous,  but  of  no  large  ditnensioos. 
Lizards  alao,  three  or  four  feet  long,  and  inoflensive,  arc  met 
with  in  the  Pacific,  and  turtles  of  large  size  are  commoa 
throughout  the  wanner  seas,  being  occaBionaUy  drifteii  into 
cool  latitudes.  Green  turtles  from  the  West  Indies,  nearly 
half  a  ton  in  weight,  have  even  been  taken  on  our  omn  sliorea- 
These  animals  livo  entirely  at  sea,  only  visiting  warm  shoals 
for  the  purpose  of  laying  their  eggs,  which  are  hatched  in  the 
Bua.  Turtles  of  enormous  sine  have  also  been  found  in  the 
warm  seaa  of  norther'n  Australia. 

We  are  apt  to  look  upon  fishea  as  the  only  fit  tenants  of  the 
■water,  and  doubtless  they  are  in  some  reapects  the  most  cha- 
racteristic of  all,  the  strangest  in  form,  and  the  most  distmctiy 
adapted  to  such  a  medium.  And  although  we  find  in  water 
quadrupeds,  birds,  and  reptiles,  they  all  exhibit  exceptional 
modifi cations  of  the  atructnre  of  animalB  which  breathe  air. 
and  are  uauallj  organised  to  move  on  land  or  through  the 
Htniosphere,  On  the  other  hand,  it  is  a  rare  exception  to 
find  fishes  capable  of  existing  for  more  than  a  ghort  time 
out  of  water.  This  is  well  known  to  be  the  case,  although 
we  certainly  hare  the  Hying  fish,  that  leaps  through  the  MT, 
the  perch  that  climbs  trees,  the  frog-fish  that  can  crawl  about 
a  room,  the  hassar  that  travels  a  whole  night  from  one  pool  to 
another,  and  the  goby  that  burrows  deeply  into  clay. 

Fishea  breathe  by  means  of  the  air  contftined  in  water;,  and 
are  sufibcated  if  their  gills  or  breathing  apparatuii  hecome  dry. 
They  move  not  only  by  fins  and  tail -contrivances  of  the  nature 
of  flexible  oojs,  well  Adapted  to  beat  the  water,  but  also  by 
Dacaiis  of  the  wonderful  fiexibility  of  their  bodies,  which  glide 
and  slip  through  the  water  with  perfect  ease.  LiWng  in  a 
medium  of  nearly  the  Hfltno  specific  gravity  as  themselves, 
they  have  scoi-cely  any  weight  to  support,  and  float  at  any 
depth  without  effort.     Some,  indeed,  are  usually  limited  to 
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■tnin  deptliB,  but  this  saema  ruther  for  tlie  sake  of  food  tha,ii 
for  any  otlitT  renaon. 

Fishes  move  with  a  rnpjdity  lTirnios3ibln  to  oth*fr  animals 
whose  di>iisity  being  much  greater  thwi  the  ui*.'diiim  they  move 
through,  the  animal  needs  constant  musculiir  effort  to  advance 
at  all.  Thqs.  we  find  that  when  a  ship  ia  etiilinr;  or  steaming 
at  its  awiftest  speod,  fishes  will  quietly,  and  without  apparent 
effort,  swim  round  ard  round  the  ship  as  if  she  were  at  rest, 
Rud  continue  to  accompany  her  from  day  to  day  for  hujidrods 
of  miles  No  words  can  do  justice  to  the  bright  colours,  the 
quaint  aod  djoU  or  ugly  foimsj  or  the  sioguiar  appendages  of 
fishes- 

The  Eay  of  wsTin  seas,  with  its  hroftd,  flat,  angular  body, 
twelve  or  fifteen  feet  wide,  terminated  by  a  1^  five  feet  long, 
armed  with  a  sharp  iirrovv  point,  conveyinfr  poison  to  the  wound 
it  makes,  is  as  unsightly  and  dlsagi'eeable  an  animal  as  can 
well  be  imagined,  while  ths  little  sfa-borse  of  the  Mediter- 
ranean is  in  the  highest  di-gfi^'n  picturesque,  resembling  the 
mtidJETal  figures  of  a  flying  dragon-  The  globe-fisii  and  por- 
cupine-fish are  bladders  stuck  all  over  with  spines ;  the  sun  -fish 
resembles  the  bead  and  shoulders  of  a  larger  animal  cut  off 
shortly  and  abruptly  by  some  accident ;  the  sea-wolf  attains  a 
length  of  six.  or  eight  feet,  and  has  a  formidable  apparatus  of 
teeth,  compared  with  which  even  the  aUigator  or  the  ehark 
seems  poM  erlegs ;  the  sword-fish  and  saw-fish  are  provided 
■■with  weapons  capable  of  piercing  and  being  completely  buried 
in  the  keel  of  a  ship ;  nnd  &  cmious  fish  called  the  angler,  or 
8ea-4evil,  catches  its  fond  by  m^eans  of  a  natural  line,  consistiBg 
of  two  slender  appendages  to  the  head,  slightly  flattened  and 
hroailened  at  the  extremity,  which,  by  their  colour,  attract  the 
unwary  prey  while  the  owner  is  buried  in  mud  or  sand. 

The  eea  is  highly  iiuportiint  im  a  never-failing  source  of  food 
to  the  human  race;  but  tliR  prejudicy  that  exists  with  regard 
to  particular  kinds  of  fish  is  often  so  strong,  that  no  motive  or 
hard  necesgjty  is  eufficieut  to  induce  a  hungi-y  population  to 
try  the  experiment  of  converting  them  into  food. 

There  ai'c,  however,  some  kinds  of  which  the  consumption 
is  almost  inconceivably  large.  In  Rhoals,  miles  in  length,  and 
so  thickly  congregated  that  thero  in  no  room  for  a  boat,  the 
common  herring  rushes  annually  to  the  north-western  coast  of 
Europe,  fiDing  all  the  lochs,  fiords,  and  inlets  from  Norway  to 
Normandv.     More  than  half  a  million  fish  ha-^e  bt&Q.  ttk^n.  \i\ 
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one  night  by  a  Qmi^\e  boat.  Upwards  of  90D  mUlioTis  of  fish 
liave  been  exported  in  oue  year  from  one  port  in  Sweden,  and 
about  four  hundred  slocpa  are  emplojed  in  the  herring  trade 
at  Yarmouih,  three  of  wlut-h  alone,  belonging^  to  the  same  pro- 
priylor,  landed,  in  the  year  1857,  nearly  four  millions  of  fi&hss. 
Nor  ia  the  htrring  the  only  animal  thus  abundantly  supplied! 
iflstancee  ai-e  on  record  of  25  millions  of  pilchards  having  bten 
tttkfc^ii  on  shore  in  one  port  in  a  single  day.  E\ep  of  cod,  a 
much  lai'gtT  fish,  the  quantity  tftkeu  each  season  catinot  average 
less  than  350  niiltions ;  and  other  fish,  &b  the  mackerel,  lie 
Bftlraon,  and  the  tunny,  rank  among  the  principal  food  at  cer- 
tain seasons  of  the  year,  of  large  populatioua  of  several  Euro 
penn  eouutrieB. 

Nature  has  amply  provided  for  this  vast  consumption  and 
destruction  of  full-grown  fishes.  The  cod  annoally  produces 
more  than  nine  millions  of  eggs,  and  tbo  sturgeon  more  thsn 
seven  minions :  while  Sat-fish,  mackerel,  and  hening;^,  all 
multiply  by  millions  to  maintain  their  kinds  against  their  nu- 
merous enemies.  There  is  no  fear  of  the  supply  of  fish  fniUiig 
out  of  the  ocean,  but  almost  all  kinds,  especially  those  whidi 
come  in  large  raiUtitudtrs  at  fixed  seasons,  are  subject  to  occa- 
sional and  apparently  caprieious  wanderings.  The  voriotirt 
of  temperature  during  different  seasona,  may  in  some  measure 
account  for  this,  but  not  entirely;  and  the  open  water  habits 
of  the  animals  require  more  stitdj  than  has  hitherto  been  de- 
voted to  them  to  enable  us  to  determine  many  points  in  their 
natural  hislor}'. 

Fishes  are  chiefly  obtained  from  near  shore  or  in  shallow 
water,  but  then:?  is  no  reason  to  doubt  that  they  oeuiisiouaily 
uccupy  considerable  depths.  The  crustflKeaus,  also — the  crabs 
auJ  lobsters,  the  shrimps  jmd  pmwua  and  cray-fish — are  met 
with  exclusively  in  the  nejghbom'hood  of  laud  or  in  some  of 
those  great  masses  of  seaweed  that  iloat  in  open  Tvuter  in  the 
mid-Atlantic.  CruBtareaus  are  very  curinua  animiLls.  Com- 
mencing life  ^^■ith  a  head  prt^fioaterouaiy  large  in  prdpartion  to 
its,  siae,  the  yuung  crab  emerges  from  the  egg  witli  a  long  forked 
tail,  but  no  body,  and  occupies  its  time  in  turning  head  over 
heels  till  it  casta  its  first  coveriug  and  alters  ite  proportions. 
The  true  and  recognisable  crab  does  not,  however,  even  then 
appear ;  this  singular  form  being  at  last  elaborated  after  a 
series  of  changes  and  transfer omtions  which  can  only  be  likened 
to  those  of  a  pantomime.     Of  the  crabs,  somifr  occupy  tbeirown 
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nfiioDs,  which  they  leave  periodically  aa  their  aub&tance  in- 
creases ftiiJ  requires  larger  fl«i(wHomodfittiDn  :  while  others,  not 
construtiting  houses  for  theitist:'K-e§,  oajupy  shelly  which  they 
seize  for  the  occasion,  and  which  would  seem  suitable  enough, 
if  one  may  judge  from  the  tenacity  with  which  the  teoaut  re- 
tains poasesBvon. 

The  lobster,  the  prawn,  and  the  shrimp,  are  less  varied  in 
their  hftbita.  They  all  change  their  shells  from  time  to  tinae 
as  they  grow  too  large  for  them,  and,  during  the  period  of 
change,  conceal  thcmaelv^a  in  botea  and  mud. 

The  little  complicated  shells  which,  under  the  name  of 
hamades,  adhere  to  ships'  bottoms,  or  which,  under  the  title 
of  balanus,  are  found  od  every  rock,  and  on  many  shells  by 
tie  sea  side,  are  also  crustaceans,  Mauj  othera  exist,  adding 
to  the  U^t  of  tnariiiB  animftlB,  and  each  ia  important  in  its  own 
sphere. 

Of  annelids  or  worma,  a  few  are  strictly  marine,  and  among 
these  are  some  that  are  the  moat  curious  and  mo5t  highly- 
coloured,  as  well  aa  the  most  puzzling,  of  the  creatures  in- 
habiting salt  water.  The  sea-mouse  is  one  of  them ;  the 
serpula,  its  tufted  head  projecting  from  a  atony  tube,  is 
another;  some,  again,  assume  for  defence  partioles  of  sand, 
shell,  or  stone  :  while  olberi3  are  able  to  pierce  atorie,  and  eat 
into  almost  any  substance  they  cotne  in  contact  with. 

Of  all  annelids,  few  are  more  interesting  than  the  unknown 
inhabitant  of  a  little  tube  brought  up  from  the  sea  bottom, 
beneath  some  miles  of  water,  At  this  vast  depth  hving 
auimala  are  to  be  found,  and  among  them  are  repi-eseutativea 
of  those  who  jienetmte  all  organic  substances  in  search  of 
food.  Let  our  teWgi'aph  companies  tremble,  and  endeavour 
to  take  preciiutioDa  in  time ;  for  their  wires,  buried  at  the 
bottom  of  the  sea,  are  pursued  in  mid-ocean  by  relentless 
foes  bent  on  deatructiou. 

Soft  animala^  often  defended  by  shells,  abound  in  the  ocean^ 
aud  form,  an  important  class  of  its  inhabttanta.  The  cuttle- 
fish is  the  emperor  of  such  molluscs,  and  ia  represented  in  all 
Beas  by  some  worthy  cousin.  The  cuttle-fish,  or  equid,  of  our 
own  shores,  raugea  under  various  representative  tonus,  both 
in  the  Atlantic  and  Pacific;  but  there  is  one  variety  covered 
and  protected  by  a  chambered  shell,,  the  nautilus,  which  is 
confined  to  the  southern  seas.  Few  acnmals  inhabiting  the 
ocean  are  better  adapted  for  attack  or  deletite  \feaxv  Oci&w&» 
The/  are  often  of  hrge  size ;  they  have  ipowerfxi  '^■asi'a  ftSi^ 
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lieaks ;  very  long  arms,  on  which  are  suckers  of  a  peculiar 
kind,  holding  fast  to  any  cbject  they  touch ;  and  uiaoy  oi 
thera  have  a  provision  of  dark  fluid,  which  they  eject  ioto  the 
water  v^hen  they  desire  to  obacure  it,  either  to  escape  from 
eoemies.  or  conceal  thtsmselves  from  their  prey.  Amongst 
the  most  unsightly,  these  animals  are  alM  the  most  higMr 
organised  and  the  most  powerful  of  their  class,  and  thou^ 
only  used  locally,  they  are  well  ndnpted  for  human  food. 
They  are  the  last  representatives  of  a  group  formerly  mueU 
more  important  in  the  seas  than  they  now  are* 

Innumerable  multitudes  of  animals,  extremely  varied  ia 
size  and  shape,  brilliant  in  colour,  and  of  very  pecuUftv  habits, 
all  belouging  to  the  class  mollusca,  inhabit  the  ocean  at  vari- 
ous depths,  and  form  a  large  part  of  the  food  of  many  im- 
portant  tribes   of  fishes,     Noikiing  lian  he  conceiTod  mora 
dehcntB  and  beautiful  than  some  of  them,  no  limit  can  be  ei- 
pressed  in  figures  to  their  nuntbera,  and  they  show  a  series  of 
transitions  from  aniraals  totally  undt!fenda<i,  to  others,  such 
f»a  the  oyster,  closely  protected  in  a  solid  stqoe  constmclion. 
The  shells  with  which  these  creatures  ai'e  fortified  are  again 
*9  strangely  varied  and  as  Biogular  as  any  produetiona  of 
nature.     We  may  mention  as  es,amp]ea  the  spider-sheli,  thft 
cone,  the  cowry,  the  wentle'lrap,  the  top-shell,  the  harp-shell, 
the  Verms-shell,  and  the  clam.     Few  things  are  more  uitei- 
estiug  than  to  watch  them  as  the  animal  comes  out  from  its 
ooat  of  niai5  or  puts  Ibrth  its  feeders  in  search  of  news  and 
food.     In  the  same  way  -we  may  examine  the  oyster,  follow 
the  indication  of  the  mhip-worm   or  stone-piercer  from  the 
bored  surface  of  wood  or  stone,  dredge  for  the  shell  containing 
the  imperial  purple  dye,  and  endeavour  to  learn  something  of 
the  rich  treasures  of  the  aea  in  this  wonderful  departmeflt- 
The  treasury  is  not  easily  exhausted.     It  will  yield  abundance 
of  useful   and   valuable   iaformation   to  any   one   who  will 
jmLif^ntly  examine  its  stores. 

There  are  very  curious  shells  found  in  almost  bM  seas, 
some  of  which  are  distinguished  from  ordumry  kinds,  as  muck 
by  a  peculiar  texture  of  the  shell  itself  aa  by  an  arrangement 
of  the  gills  in  the  animal.  The  Tercbratula  ia  one  of  them, 
and,  hke  the  cuttle-fiah,  it  is  as  interesting  in  reference  to 
former  time  as  to  preJient  existences.  Terebrutuliforai  sheila 
and  nautilus-like  shells,  in  hiet,  are  among  the  earlieBt  re- 
cords of  creation  in  the  various  rocks  containing  fossils, 
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tlieir  remains  ai'B  GSjwoiiilly  abandimt  in  tbe  oldest  rocks. 
Moderu  ypedea  are  found  in  oiu-  uwu  aeflS  geueriilly  at  some 
dei'tti. 

Very  minute  oompoimd  animals,  at  one  time  regarded  sa 
polyps,  hut  uow  referred  to  molluBca,  are  sufiBcieutly  common 
aniDDg  the  seu-weeda  on  all  shores,  and  Hoat  in  open  wiiten 
being  not  unfrequentty  phosphorescent,  Thuy  glide  some- 
times through  the  sea  iii  long  chains  of  united  animals,  and 
tliej  are  exceedingly  reniaikahle  as  illuatrations  of  a  method 
of  succession  not.  otherwise  observable.  A  Salpa,  as  one  of 
iheni  ia  called,  beai^  a  marked  resemblance  to  its  parent  or 
ofTspriug  two  generations  off,  but  never  bears  any  resemblance 
to  its  owu  immediate  parent  or  young.  This  singular  and 
puzzling,  but  well  ascertained  condition,  extends  to  many 
aniiuftls,  chiefly  of  low  orgums:itii.m. 

Star -fishes,  sen-urchjns,  and  such-like  creatures,  are  essen- 
tially insirine  They  owe  their  name  to  their  divergent  rays, 
covered  often  with  spines  and  Buckera,  and  they  are  exceed- 
ingly remarkable  for  their  habits  as  W£;ll  as  their  form.  Such 
animals  present  many  curious  varieties  of  structure-  Some 
aie  provided  with  stony  plates  fitting  together  and  forming  a 
defence  ;  in  ancient  times  these  stony  creatures  were  wonder- 
fully varied  and  very  common.  The  1ily-&tat'8,  as  some  of 
them^  are  called,  are  now  nearly  extinct. 

There  ia  a  kind  of  suake-hke  star-iisb  very  widtly  extended, 
and  not  very  uncommon  in  our  own  seas,  in  which  the  long 
rays  diverge  from  a  compact  centre,  and  twine  themaelves 
round  any  object  with  which  they  come  in  contact.  It  is  not 
easy  to  imagine  the  astonishment  and  delight  of  Dr.  Wallich, 
the  naturalist  on  board  H.M.S.  Bnihio/},  employed  in  sound- 
ing the  ocean  from  Greenland  to  Labrador,  when  he  saw 
clinging  on  "  like  grim  death  "  to  the  lower  extremity  of  a 
line  that  was  being  drawn  up  from  an  Atlantic  depth  of  some 
fifteen  hundred  fathoraa,  an  Opidocoma,  or  "briltle-stai"  of 
thJH  kind,  living  etill  after  the  ri'movnl  of  tht-  enormous 
pressure  of  water  under  which  i{  had  hitherto  exiated,  and 
retaining  tliP  arms  whicbj  in  ordinary  cases,  it  throws  off  with 
^uigular  facility  when  alarmed  ! 

~  This,  and  a  number  of  companion  specimens,  brought  up 
:  the  same  time  with  the  mud  from  the  bottom,  were  by  no 
meaiig  of  mlcroiicopic  si^e,  eflch  of  the  arms  of  the  star-fi»b 
being  betW'ueu  two  and  three  inches  long^ 
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these  vast  depths  are  not  uiiteDanteJ, 
impassibility  of  animals  living  wiUi 
very  little  light  aod  air  at  depths  so  enormous  that  the  mere 
pressure  of  the  water  is  eijuivalent  to  upwards  of  two  tons  on 
every  square  inch  of  surface,  is  an  uunecessoiy  assumption, 
and  another  proof  that  what  is  quite  contrary  to  our  experi- 
ence and  utterly  opposed  to  any  analogies  we  can  drav,  mRj 
still  exist  and  belong  to  the  usual  order  of  nature.  Many  of 
these  star-fishes  having  been  brought  home,  they  remain  to  ba 
their  own  witnesses,  and  they  differ  so  little  in  appeamnee 
from  some  common  kinds,  that  an  ordinary  observer  would 
pass  them  by,  little  aware  of  the  fact  of  their  having  lived 
under  circumstances  so  utterly  inconceivable. 

A  singular  class  of  marine  animals  have  recently  attracted 
much  ntttjntion.  and  are  now  to  be  met  with  in  many  drawing' 
rooms.  Some  of  thesCf  indeed  (the  Acahpha,  or  aea-nettles), 
inhabit  the  open  ocean,  and,  being  of  large  eize^  are  not  im- 
prisoned iu  our  marine  vivaria ;  but  others  (true  polj'ps)  are 
among  the  chief  ornaments  of  those  interesting  menageries. 
The  Medusffi,  or  jelly-fish,  are  sometimes  two  or  three  feet 
across,  or  even  more,  and  when  removed  from  the  water,  look 
like  huge  masses  of  nearly  transparent  raui:iis,  which,  if  left 
alon^,  soon  evaporates,  hardly  leaving  behind  a  few  grains  of 
solid  matter.  Others  are  far  smaller,  andexqubitely  beautiful; 
others  again  sting  like  nettles,  and  many  of  them  are  con- 
cerned in  producing  that  marvellously  beautiftil  phosphores- 
cence of  Uie  sea,  which  occasionally  ranges  for  vast  distances. 
These  uuiniala  serve  to  feed  the  whales  as  well  as  to  light  ap 
the  ocean,  and  in  their  young  slate  they  foi'ra  exquisite  little 
groups  of  individuals  of  the  most  fantastic  shapra,  formerly 
supposed  to  be  polyps. 

The  sea  anemones  and  polyps  generally  consist  of  a  cylin- 
drical cavity  opening  above  in  a  wide  mouth,  round  which  are 
arranged  numerous  feelers,  which  the  auimal  extends  m 
search  of  food.  Some  of  them  secrete  no  hard  stonj  matter, 
but  others  form  those  constructions  known  in  all  &eos  to  a 
gt'eater  or  less  extent,  and  recognised  as  corals.  Their  varie^ 
is  endless,  a,nd  the  mass  of  solid  matter  thus  accumulated 
almost  beyond  belief.  Separated  incessantly  from  sea-water, 
which  re-absorbs  it  again  as  readlily  from  every  limestone  rock 
with  which  it  comes  in  contact,  the  mass  of  calcareous  matter 
enclosed  by  tbeac  singular  animals  is  constantly  receiving  addi- 
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Uona,  and,  boing  little  subject  to  cliange,  remains  from  one 
generation  to  another,  aceutoulating  into  masses  which  form  a 
sensible  proportion  of  the  earth'a  superfir-ial  crust.  Since, 
however,  the  animals  constructing  the  hirge  masses  of  coral 
which  form  islands  in  the  Piir,ific  Ocean,  c&n  onlj  continue 
their  labours  within  raoJerate  lim;U  of  depth,  it  would  follow 
that  the  mass  of  limestone  is  only  a  superficial  platCf  were  it 
not  that  in  many  cases  the  districts  thus  built  upon  aie,  for 
Bome  reason,  constantly  descending  below  the  leTel  of  the  aea, 
while  some  other  tracts  of  land  and  sea-bottom  are  known  to 
rise  and  $well  slowly  upwards.  The  descending  laudj  when 
occnjiied  by  the  coral  nmmal,  is  constantly  supplied  with  addi- 
tions reaehing  the  surface,  and  thus  sometimes  foims  a  per- 
pendicular wall  to  the  depth  of  hundreds  of  fathoms. 

The  beautiful  red  coral  of  the  Mediterranean,  fished  up 
froia  moderate  depths  tvery  year,  is  not  of  this  kind.  Like 
the  other  branching  Tarieties,  it  does  not  form  compact 
masses. 

There  yet  remaijia  one,  and  that  not  an  unimportant  group 
of  animjils,  that  may  fitly  take  rank  hs  contributing  to  the 
wonders  of  the  sea — the  constructors  of  minute,  many-cham- 
bered shells.  Bach  animals  are  mere  lumps  of  jelly,  capable 
of  extending  themselves  iu  all  dit'ectiona,  and  capable  also  of 
forming  shelly  eoreriugs  singularly  elegant  and  complicated, 
but  80  small  that  their  shape  can  only  be  recognised  under  a 
powerful  miftroacope.  Multitudes  of  individuals,  however, 
combine  to  produce  evei3  a  single  shell,  and  thus  the  indi- 
vidual animals  are  almost  iufiuitesimal.  Will  it  be  believed 
that  such  animals  are  spread  over  thousands  of  square  miles 
of  ocean,  that  they  occur  both  at  the  surface  and  at  depths  the, 
moat  considerable  that  have  yet  been  reached,  and  that  their 
remains  compose  90  per  cent,  of  the  mud  that  forms  the  sea- 
bottom  at  those  depths?  The  stomachs  of  the  brittle- stars, 
brought  up  in  mid-Atlantic  in  a  living  state  through  nearly 
two  miles  of  water,  were  found  to  contain  half  digested  food 
of  this  kind  ;  and  although  it  may  never  be  possible  to  obtain 
the  creatures  themselvea  alive  from  such  depths,  the  fact  of 
their  living  there  is  novv  clearly  proved.  That  thej  have  long 
inhabited  those  cold,  silent  recesses  is  also  evident^  since  the 
whole  bottom  of  the  Atknlio  seems  strewed  thickly  with  a 
flue  mud  entirely  made  up  of  their  remainSt  o^ssociated  only 
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ivitli  ft  few  transported  Etonea,  and  a  rare  sprinkling  of  epongo 
BpicnlL'S  and  flinty  cases  of  the  Bimplest  vegetable  cells. 

It  remains  only  to  treat  of  ttese  sponges,  the  last  <rf  the 
animala  luelaagiug  to  the  sea.  The  sponges  are  veiy  widely 
spread,  and  each  consists  of  a  curious  uet^ork  clothed  with 
soft  gelatinous  matter.  At  frequent  interrals  are  open  spaces 
througli  which  water  ia  made  to  p^s,  and  in  this  way  food  is 
brought,  It  in  not  a  htile  cttrioua  to  watch  these  lowest  forma 
of  life  in  the  water,  where  their  brilliant  colours  are  as  re^ 
markable  as  the  shaplessness  of  the  masses  they  present- 
Such  opportunities  are  now  not  rare,  as  the  animala  can  bff 
kept  in  vivaria  prepared  for  the  drawing-room. 

In  thus  deBcribing  in  a  very  general  way  some  of  the  prin- 
cipal teuanta  of  the  sea,  wo  have  indicated  th©  wide  rango 
of  many  t»f  these  animals,  and  the  faciUty  with  which  tliey 
move  across  tracts  of  oceau  of  very  different  temperature. 
In  this  respect  there  would  seem  notking  to  confiae  the  more 
active  of  the  marine  animals  to  definite  positions.  But  they 
aiao  are  grouped,  and  there  are  eharacteriatic  and  representa- 
tive Bpeciea.  It  is,  perhaps,  even  more  striking  in  these  cases 
than  where  the  powers  of  locomotion  are  more  limited,  to  ew 
the  reality  of  the  groups  and  trace  their  proper  homes. 

The  inhabitants  of  fresh  water,  though  to  some  extent  dif* 
ferent  from  thoh^e  of  the  sea,  have  many  points  of  dose  re- 
semblance, and  need  not  detain  us  long.  Not  a  few  living 
usually  in  the  sea  breed  in  rivere,  and  others  dwelling  in 
estuaries  or  tidal  rivers  adapt  themselves  to  each  variety. 
There  are  besides  these  many  species  of  fishes  altogether  con- 
fined to  rivers  and  lakes,  but  they  do  not  affect  the  general 
argument. 

Of  land  imimals,  the  lower  forma  of  life  are  less  remarkable, 
and  less  fitted  tor  general  illustration,  than  is  the  case  with 
the  inhabitants  of  the  water.  No  doubt  they  abound,  but 
they  are  not  prominent,  Crustuceau*  are  chiefly  nqualie. 
Mollaj'CS.  abo,  to  a  large  extent  require  the  water.  The  ex- 
ceptions are  sota'fiuines  striking,  as  iu  the  cuses  of  the  snails, 
some  of  which,  living  in  America,  are  of  estraordinary  size 
iond  beauty  ;  but  they  are  few*  Annelids  or  worms  are  numer- 
ous, but  less  varied  in  form  and  colour  than  those  frequenting 
the  other  element. 

Of  all  loud  animals  insects  are  the  most  interesting,  partly 
from  the  variety  of  specific  forms  they  assume,  partly  froen 
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the  changes  they  undergo.  Tliej  prohahly  perrorm  a  very 
important  part  in  the  generaJ  economy  of  naiuiv,  taking  up 
deca^du^  animal  and  vegetable  matter,  and  assimilating  it 
with  extraordinary  rajiidUj,  so  that  the  ill  etft'Cl^  of  an  excesa 
of  putrescent  purlicleH  in  the  air  is  brought  within  moilerats 
limits,  Besides  tha  iuBecta  are  the  spiderg,  helping  to  keep  a 
balance  of  life.  Insecta  pass  through  tgtj  curious  changes  in 
different  stages  of'thcir  existence,  being  aquatic  in  one  and 
terrestrial  in  another,  feeding  at  one  time  esdusively  on  flesh, 
and  at  Einotlier  time  on  the  juices  of  flowers,  varying  so  much  in 
size  uid  appearance  that  uo  ideutification  would  l>e  possible, 
did  W6  not  actually  trace  the  change  in  the  same  iudiTiduial. 
It  miist  he  evident  that  no  one  could  ^ueaa  the  identity  of  the 
^ub  and  maggot  with  the  beetle,,  or  of  the  caterpillar  with  the 
butterfly.  Being  familiar  with  them  we  pass  by  these  mar- 
velloua  transmutations  widiout  notice,  but  the  wildest  dream 
could  hardly  suggest  anything  more  estraordinaiy,  or  more 
unlikely  to  happeo,  than  many  of  those  changes  that  pass 
under  our  eyes  in  each  successive  season. 

As  a  general  rule  insects  increase  in  flbundance  and  variety 
from  the  poles  towards  the  equator  in  horizonlal  space,  and 
verticidly  they  increase  from  the  unpeopled  heights  in  the 
atmosphere  to  the  common  surface  of  contact  between  land 
and  water.  But  the  increase  is  not  regular.  Many  parts  of 
the  soutliem  hemisphere  are  poor  in  sjiecies,  especially  Aus- 
tralia. North  America  is  less  rich  than  Europe  in  the  same 
latitude.  Asia  is  also  poor.  North  Africa,  the  Brimls,  and 
the  west  const  of  South  America,  and  Mexico,  are  more  rich, 
but  not  yeiy  remarkable.  Central  and  tropical  America,  and 
some  parts  of  tropical  Asia,  are  the  ridieat  of  sill. 

So,  agaiu,  there  aro  many  well  marked  j'egions.  Eastern 
Asia  and  China  are  Terj*^  different  from  Europe  and  Africa. 
In  South  America,  Guiana  is  quite  unlike  the  equinoctial 
districts  of  New  Granada  and  Peru* 

It  is  intercHtiug  to  observe  the  nature  and  elEcacy  of  certain 
natural  barriers  against  tbe  spread  of  various  species  of  insects. 
Mountain  cb^ns  are  the  most  effectual,  eveu  when  there 
are  passes  of  only  moderate  altitude.  RiverBare  very  partially 
available  for  this  purpose.  Oceans,  even,  are  not  always  suffi- 
cient. There  ore  soine  butterflies  spread  over  the  whole  world: 
others  confined  to  very  pmall  districts.  Certain  stagaant  pools 
appear  to  have  a  creation  of  their  owa,  while  tha  Nsml^  ^mt^ 
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the  in&ediS  or  die  eggs  of  Boiue  species  for  thousands  of  miles 
Some  insects,  as  the  mosquito,  axe  equally  troublesome  at  the 
poles  aud  under  the  burning  sun  of  the  equator,  but  the^ 
long  remain  undeveloped  iu  uncongenial  clioiates,  appealing 
only  when,  owing  to  some  cause,  the  conditions  are  for  the 
time  favourable  for  their  exiBteuDe. 

Woodi  couvayed  naturally  or  accidentally  from  one  country 
to  another,  baa  oft*n  carried  with  it  the  insects  that  attack  it 
at  home.  It  has  happened  that  when  these  insects  aie  once 
intp:>duced.  they  will  feed  on  the  trees  indigenous  to  the  new 
habitat. 

The  abundance  of  in&ects  in  favourable  localities  la  incon- 
ceivable to  those  who  have  not  had  personal  experience  of  the 
fact.  The  great  rivers  of  tropical  America  are  perhaps  more 
troubled  iu  tliis  respect  than  other  localities,  and  iu  soine  places^ 
other  animals,  including  man^  have  been  driven  away  by  their 
eiiormoua  accumulation^  Evew  in  the  plains  of  Wnllachia  aad 
Htingaryi,  and  in  Lapland,  they  crowd  the  air  to  such  an  extent 
that  it  ia  difficult  to  breathe  without  swallowing  some  of  them. 
Humboldt  has  add  that,  on  the  Upper  Orinoco,  they  succeed 
each  other  with  such  re^larity  that  tl;e  hour  of  the  Jay  may  be 
guessed  pretty  accurately  from  them.  On  the  other  hand,  it 
is  said  th4it  ant  fLimmon  house  fly  was  first  conveyed  to  the 
South  Sea  Islands  by  the  English  ;  while  the  huney  bee,  now 
exceedingly  common  throughout  North  America,  Australia  aud 
Xew  Zenland,  was  introduced  into  tliesc  countries  by  the  Eng- 
lish. The  native  bees  in  these  countries  are  vpithout  stings. 
The  tset-zse^y  of  South  Africa  is  almost  equivalent  to  a  caltle- 
pest.  but  it  is  strangely  limited  in  its  range. 

Notwithstanding  the  remarkably  definite  grouping  of  insecU 
generally,  there  are  many  that  migrate  to  a  great  distance, 
talcing  long  flights,  and  even  changing  their  route  fi-om  time  to 
time.  Thus,  locusts  are  the  natural  inhabitants  of  sandy 
deserts,  where  tht-ir  eggs  are  hatched;  hut  they  oceasioually  fly 
in  vastmasseB,  sometimes  crossing  more  than  a  hundred  mika 
of  eea,  and  reaching  nearly  two  thousand  miles  from  their 
pltiCe  of  starting.  Locusts,  however,  are  essentially  migratoiy, 
but  there  ffie  otlier  insects  that  occasionally  take  wing,  although 
it  is  not  their  usual  habit  to  travel  in  company.  Lady-birds 
are  examples,  and  both  they  and  butterflies  are  soraetimes 
driven,  apparently  by  streas  of  nircinnstatices,  to  advanee  in 
dense  masses,    Drsgeu  fiiea  also  have  been  noticed  to  do  so. 


There  seems  b,<>  reason  for  these  curious  pecsuliarities.  Certain 
kinda  of  ants  are  capable  of  movmo  in  a  body  for  considerable 
distiinees,  and,  in  this  case,  nothing  will  stop  them, 

Whatever  may  be  the  natui-e  of  the  instinct  of  migration,  it 
ia,  at  aiij  rate,  so  powerful  as  to  override-  every  otlier,  and 
thus  there  seems  to  bo  a  means  provided  by  nature  to  push 
certain  forma  of  animal  lifi  into  Buch  coudidous  jis  may  be 
favourable,  in  ordei'  to  conquer  from  timti  to  time  the  tendenfy 
to  ceutnilisation,  which  ia  otherwise  a  law  of  nature.  Thwe 
is  in  this,  as  in  so  mjiny  I'^nses,  a  perpetual  contest,  resulting 
in  tlie  mixed  anungemt-nts  we  find  everywhere,  aud  It  ia  im- 
portiint  to  recognise  the  fact  that  this  also  ia  a  law  of  nature. 
When,  iherefiire,  we  see  that,  in  most  countries,  there  if^  a  pe- 
culiar audi  distinctive  fauna,  as  well  as  ft  characteristic  flora, 
and  that  atiimals,  like  plants,  have  a  metroi>olis, — or  central 
point,  whciiee  they  seem  to  diverge  in  every  direction, — it  is 
evident  that  the  study  even  of  a  local  fauna^  may  lead  to  a 
knowledge  of  some  of  the  great  laws  of  nature, 

passing  to  the  conaidsratiou  of  tiie  land  animals  of  higher 
irganisation,  we  find  the  distributiou  of  reptiles  both  peculiar 
and  inttii-eflting.  These  aiiimala  are  for  ths  most  pait  limited 
in  their  power  of  locomotinn,  and  not  endowed  with  much 
euer[^.  Thej  flourish  chiefly  where  mau  is  absent  or  sparingly 
distribut-eid,  or  at  least  where  civiliaalion  bus  not  introduced 
moditicationH.  A  few  of  them  migrate,  but  they  do  not  travel 
very  far.  Of  the  marine  species  wo  have  already  said  some- 
thing- 

There  are  four  divisions  of  reptiles  now  living  which  may 
he  illustrated  respectively  by  the  frogs,  the  serpents,  the 
lizards  auil  the  tortoises.  The  frogs  are  the  moat  widely 
spread,  reaching  nearly  from  the  Arctic  circle  to  a  latitude  of 
about  50°  S.  They  are  all  chiefly  abundant  in  warm,  damp 
countries,  and  increase  in  number  and  variety  as  we  approach 
tlic  equator  ;  the  number  of  species  in  the  torrid  zoufi  being 
fully  double  that  found  in  temperate  bititude^.  Of  nil  places 
in  the  old  world,  Java  and  the  adjacent  islands  aeem  to  be  the 
best  fitted  for  these  animals.      America  possesses  half  the 

ovnx  species. 

All,  without  exception,  of  the  known  species  of  reptiles  of 
_^  .Berica  are  distinct  from  those  of  the  old  world.  The  Aua- 
trfuiftn  species  arc  all  unlike  those  of  Asia.  The  Aaiaticr 
ap^cifs  art'  much  sub-dividedj  and  few  ol  VVvftm  m& \^ft'Cl.^;^a^^:i. 
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with  those  of  Europe  or  Africa.  Some  of  the  frogs  and  aer' 
penla  are  limited  to  exceedingly  small  districts,  and  i'ew  of 
them  raiigti  widely.  Most  of  tht?  European  epecie*^  of  frogs, 
it  ia  true,  etteiid  into  Asia  and  North  Africa,  but  the  character- 
istic species  are  generiilly  limited  to  a  very  small  space.  The 
toad  of  Surinam,  the  lurgeat  and  ugliest  of  existing  species,  is 
found  only  in  that  isUud.  A  Rrizilian  toad  tcu  or  twulfe 
inches  long,  and  another  gigantic  species  from  Carolina  do 
not  leave  their  own  tieigbbourhoodH. 

Although  there  are  seTpeuts  iu  the  colder  parts  of  EuTop*^ 
the  number  of  species  ia  sraallj  the  size  of  the  iadividuale  insig- 
nificant, acil  their  veuonij  except  in  one  caae,  is  oot  dang^eroua 
to  man.  Of  the  three  great  ikmiliee  of  venomous  seipents, 
only  that  contaioin;^  the  vijjer  is  mist  \nth  in  cool  northern 
Utitudea  in  the  Old  World.  In  other  countries  the  case  ia 
very  different.  Thua,  in  North  America,  the  ratlla-suake 
abounds.  In  Australia,  also,  in  the  temperate zoue^  more  tllaa 
half  the  serpents  ate  dangerous.  In  Africa,  it  ia  also  said  tlmt 
half,  or  a  third  of  all  the  snakes  seen  are  distinctly  poisonous. 
Ill  India,  there  are  also  several.  The  hoodod  snakes  (cobra) 
of  India,  the  Eg^'ptian  asp,  the  whip  atiakes,  and  all  the  sea 
snakes  are  the  most  venomous  and  ferocious,  but  tb,ey  are  bU 
confined  to  very  narrow  limits.  The  common  viper  is  that 
which  raiigt'g  most  widely^  reaching  from  England  to  central 
Asitt,  and  from  the  Alps  to  the  Arctic  circle. 

Tropical  Africa  and  tropical  South  America  are  the  couu- 
triea  where  are  the  moat  gigttutic  and  powerful  of  those  ainga- 
lar  auiioala.  The  boa  is  chieily  American;  tlie  largMt 
species  l>eiug  found  in  the  tropical  forests  of  South  Ameri<Mb» 
where  it  hungs  from  the  treea,  watching  its  prey.  Sotm 
species  are  twenty  feet  long,  sind  they  are  partly  aquatic. 
The  Pythons  are  the  corresponding  African  species,  and  ihef 
spread  through  Africa  and  Asia  ss  far  as  Java  and  China. 
Other,  i!>ut  quite  different  species,  belong  to  Malacca,  and 
otherg.  again,  inhabit  New  Guinea  and  Australia. 

Of  crocodile&,  there  are  many  species,  most  of  which  are 
strictly  limited  iu  range^  and  quite:  characteristLG.  Of  these 
large  reptiles  we  may  name  the  caiman,  or  alligator  of 
America,  the  gavial  of  the  Ganges  and  India,  two  Afi'ican 
species,  (one  on  the  Nile  euid  one  on  the  west  coast)  two 
Madagascar  species,  and  one  Australian. 
In  America,  there  are  two  specloaoC  crocodiles  and  five  alU- 


gfttorg.  Some  few  of  the  8peci€9  range  to  &  height  of  three  or 
four  thousand  feet  above  the  sea,  but  they  do  so  only  by  follow- 
ing towards  their  sourcea  the  great  rivers.  They  live  chieJiy  m 
mud,  hybemating  oocasioiially  during  long  continued  droughti 
Crocodiles  do  not  extend  into  Europe  at  present,  not  perhaps 
BO  much  on  account  of  climate  as  for  want  of  other  favourable 
conditiona.  Lizards,  however,  represent  the  same  URtural 
faoflily.  Of  these,  there  ftje  nearly  twenty  species  in  Italy, 
atid  they  reac;h  up  to  almost  5,000  feet  on  the  Alps.  They 
extend  also,  though  more  spunngly,  through  northi-ru  Europe. 

Asia  IB  very  rich  in  UKarde ;  one  of  tlwm  (the  draco  volatiM, 
or  dragon)  having  a  membrane  like  that  of  the  bat,  enabling 
it  to  take  long  liaps  in  its  pursuit  after  insects.  The  gecko 
of  the  Mt^diterranean  coasts,  and  tiie  chameieona  chiefly 
iuhaUt  northern  Africa,  but  reach  Spain  and  Asia^  These  are 
the  moat  characteristic  forma.  The  ekiuk — a  burrowing  lizard 
^13  represented  in  Afrioa  and  Arabia  and  also,  but  by  difTerent 
species,  in  Australia  aud  the  Indian  Archipelago*  A  very 
curious  marine  lizard,  feeding  on  sea  weed,  exists  iu  the  Gala- 
pagos  Archipelago,  and  represents  species  now  extinct. 

Of  tortoisea  and  turtles, — the  former  inhabiting  the  land 
and  fresh  water,  and  the  latter  the  sea, — there  are  species 
Tory  widely  di^tributcdr  In  the  East  Indies,  there  aie 
some  land  tortoises  of  large  dimensions  and  very  beautiful ; 
others  are  peculiar  to  Brazil ;  others  are  found  oiily  in  Deme- 
rora.  There  is  a  species  found  in  the  Galapagos  islands 
which  weighs  Dioi'e  than  a  quarter  of  a  ton,  wben  full  grown. 
The  European  species  are  small ;  the  lurgest  of  them  inhabit* 
the  shores  of  the  Mediterranean.  Fresh  water  tortoises  are 
also  widely  distributed,  but  the  largest  number  of  species  aro 
American.  There  are  fresh  water  turtles,  different  from  the 
emys  or  fresh  water  tortoise.  They  are  large  and  voracious. 
They  are  found  in  the  Xile,  the  Ganges,  and  the  Euphrates. 
One  is  met  with  in  the  rivers  of  Java  orJy  ;  another  is,  common 
to  Java,  Borneo  and  Sumatra.  The  sea  turtles,  of  which  the 
green  turtle  and  tht:  hawk's  hill  turtle  are  the  most  fumiliar, — 
the  former  as  food,  the  hitter  for  its  shell — browse  on  sea  weed 
in  tropinal  waters,  and  grow  to  enonnoua  size.  The  former 
belongs  to  the  WeBt  Indies.  The  most  valuable  species  of  thw 
latter  is  obtained  from  the  Moluo^Ja  Islands  and  the  coast  oi" 

ew  Guinea,  but  there  are  species  in  the  Gulf  of  Musico,  and 

en  in  tlie  Mediterranean. 
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It  is  intcrtsting  to  tiotiw  that  certain  large  districts  of  the 
earth  ar«:'  now  almost  without  reptiles.  Thus,  the  lalandB  of 
the  Pacific.  Tierra  del  Fuego,  the  Falklaud  Islands,  may  be 
named,  as  beiug  allc^ether  free  from  frogs,  toads,  and  snakes 
of  all  kinds.     In  Ireland,  reptiles  are  almost  uuknown. 

Birds,  imlike  reptiles,  are  provided  with  great  power  of 
locomotion,  and  they  often  migrute  to  great  distiiucfs.  By 
mcftns  of  tlieir  ffiiigs,  they  are  capable  of  oTercoming  imp^di- 
iDents  which  prevt-nl  the  advance  of  all  other  animals,  and  In 
all  respects  they  seem  to  be  enahled  to  distribute  themselves 
over  the  earth  at  will,  Bot  they  are  not,  for  that  reason,  frse 
from  the  great  taws  governing  and  limiting  the  distrihution  of 
ftnimcUe  generally.  There  an^  for  them,  aa  for  reptiles,  certab 
central  points,  whence  tj'pical  forms  divei^e,  and  which  otnj 
be  cluiraod  as  their  birth  place. 

There  are  six  natursl  groups  of  birds.  Birds  of  prey, 
tlirahing  birds,  (pajTota  and  wood-peckers,  &e.)  warblers, 
gallinaceous  birds,  (domestic  poultry  and  {ood  birds'!  waders, 
and  swimmers.  Of  all  countritis,  tropical  America  is  the 
richest  country  in  birds,  and  contains  some  of  the  mostom'ioD& 
Tarietif  3  of  form,  colour  and  proportions.  Burojje,  however, 
comes  next  in  order,  and  is  even  much  richer  ihjin  Amerlt-a  in 
songsters,  or  Lirds,  whose  warbling  notes  make  the  woods 
resound  with  melody.  Many  birda  are  found  to  range  through 
the  whole  of  the  Old  World,  esteoding  even  to  America,  and 
identical  in  species  from  pole  to  pole.  The  birds  of  prey, 
wadens  and  sea  fowl  ate  among  the  most  remarkable  of  these. 
The  common  house  sparrow  accompanies  mau  whefeTflr  he 
goes,  and  seems  as  much  at  home  in  Bengal  as  ib  is  in  Britain. 
The  poregrine  falcon  e:tteiids  over  Europe,  America,  and  Aus- 
tralia. The  common  heron  seemg  indigenous,  both  in  the  OH 
find  New  World.  OwiEg  to  the  habits  and  powers  of  birds,  they 
naturally  luuge  widely  in  vertical  space,  and  are  met  with  at 
alt  elavatiou^,  on  the  loftiest  mountains  of  the  earth. 

BuC  although  birds  migrate  systematically  and  travel  aoci' 
dentally  to  great  distances,  their  breeding  places  are  in  generid 
gi'eatly  limited.  Thus,  of  upwards  of  five  hundred  species  of 
KtiropeRn  birds,  there  are  certainly  four  hundred  that  do  not 
habitually  leave  that  continent  and  the  adjacent  islands.  Of 
the  Biaziliau  birds,  whole  tribes  of  parrots  and  humming  bii'ds 
never  quit  the  forests  where  they  were  bred.  Each  country, 
iu  hat,  is  characterised  by  acma  X'g^ital  ^t^iu-^. 
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The  thick-billed  birda,  living  ou  seeds,  utiri  including  the 
nightingale,  vedUtfast  and  wren,  the  fincties  mid  linnets,  the 
epfin'ow,  atid  raauy  others  very  familiar,  iirti  the  characteiistic 
birds  of  Europe,  Mauy  of  them  are  pet^uliar  to  our  contiiieni, 
though  othora,  as  the  uighiiagnUe,  come  to  us  fiwm  noitbem 
Al'ricn,  where  they  may  be  heard  siugiug  in  the  woods  from 
morning  to  night,  late  in  autumn.  1%d  same  is  the  case  in 
Asia  Miuor,  and  especially  ia  Armenia,  There,  however,  we 
filnd  already  the  brilhant  plumage  and  more  develuped  forms 
of  the  tfojiica ;  and  there,  also,  is  the  home  of  ntHny  useful 
birda,  now  domesticated  aud  apparently  almost  indigeuous. 
The  gallinaceous  birds,  especially  the  pheasant  and  the  pea- 
fowl, are  as  characteristic  of  Asia  as  the  singing  birds  are  of 
Europe.  There,  a!so,  these  birds  are  mixed  with  very  striking 
and  beautiful  specimens  of  climbing  birda,  especially  parrots,, 
which  range  in  one  form  or  other,  though  always  with  ilistinct 
species,  throughout  tropical  Asia,  rtaching  Australia  aud  re- 
appearing ia  South  America,  It  is  impossible  here  to  do 
mora  than  allude  to  the  marvellous  brilliancy  aad  beauty  of  the 
plumage  of  the  large  tropical  birds  of  western  Asia,  although 
they  are  fully  rivalled  by  their  competitoi's  on  a  smaller  scale 
in  the  Brazilian  forests. 

Iti  the  Indian  Archipelago  we  have  other  examples  of  the 
most  singular  beauty  of  form  and  brilliancy  of  colour  in  the 
plumage  of  the  characteristic  birda.  The  bud  of  parsdisCf 
the  orioles,  the  hornhills,  the  pigeOTiB,  and  the  Argus  pheasant, 
are  examples  worthy  of  special  mention.  In  speaking  of  the 
peculiar  birds  we  must  not  omit  ths  r^assowaryf  whose  powers 
of  locomotion  are  limited,  but  which  yet  baa  a  very  wide  range 
in  the  south-eastern  islands  of  Aeia. 

Africa  is  also  rich  in  birds,  many  of  which  may  compare 
with  those  of  South  America,  although  there  are  very  few 
identical  species.  Besides  a  number  of  birds  of  vc-ry  beautiful 
plumage  and  very  poeuliar  habits,  Aftica  possesses  the  ostrich, 
which  ranges  through  a  vaat  extent  of  country,  aud  represents 
other  birds  of  somewhat  similar  structmo  in  America  and 
Australia.  The  ostrich  extends  into  Ai'abiaj  but  its  home  and 
laetropolis  is  ou  the  sands  of  Africa.  Many  of  the  birds  of 
the  south  are  difTerent  £tma  those  of  the  north.  Among  those 
common  to  the  whole  country  ia  a  remarkable  serpent-eater 
(the  secretary  bird),  the  honey  birda,  representing  the  hum- 
ticiug  birds  of  America,  and  the  parrots,  alao  re^ces«at&t.iv^. 
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flud  vpry  abuudaiit.  There  are  tilao  many  sLnging  birds,  Wt 
ihtise  are  chiefly  northern. 

South  America  is  noHTveJlously  rich  in  birds.  The  condor 
of  the  Aiidfs  builds  its  nest  16,000  feet  above  the  sea,  and  is 
Esceu  whei^ling  in  circlea  above  the  Tnountaiu  summit'!  at  the 
height  of  much  more  thiui  20,0(JO  feet.  It  extends  to  the 
Straits  of  Magellan,  but  has  not  been  seen  on  the  northern 
side  of  the  IstKmus  of  Pajiiima.  Besides  the  cotidor,  there 
are  vultures  of  various  kinds,  and  of  magiiificent  propiirtions, 
one  of  them  living  on  vegetable  food.  Parrots  range  througb- 
ottt,  and  there  are  gallinueeous  birds,  but  all  totally  differH^nl: 
from  those  of  the  Old  World,  There  are  also  peculiar  species 
of  the  ostrich. 

But  it  is  chiefly  the  humming  birds  that  characteriae  this 
singular  district.  There  aie  more  than  one  buindred  and  fifty 
speciesj  vai'ying  in  aize  from  that  of  a  bumhle-l)>?e  to  that  of  a 
"^vren.  They  reach  down  to  nearly  40°  S.  latitude  ;  but  very 
few  sppciea  are  met  with  in  Central  or  North  AmtjriMt*,  nnd 
not  many  in  the  West  Indian  islands.  They  are  found  up  to 
an  elevation  of  Vi.OW  feet  in  the  Andes  of  Bolivia  and  New 
Gramtdn.  They  are  accompanied  in  the  Brazilian  forests  by 
numerous  climbing  birds  and  many  ri&hlj  decoratj^d  p^rots. 

AustPfelia  and  the  adjacent  islands^  including  New  Zealand^ 
are  very  remarkable  for  their  birds,  all  of  which  are  either 
representative  species  or  altogether  sid  ffen^ris.  There  are  no 
true  gallinaceous  birds,  but  the  lyre-bird  represents  the  Argia 
pheasant.  The  parrots  and  the  pigeons,  the  coreopsis  goose,  the 
emu,  and  above  all  the  apieryj^n  arc  all  so  petuliar  that  they 
IiartUy  Bdmit  of  compnriaon  with  familiar  birds  in  oiher  coun- 
tries. The  modem  apter\jx  represents  another  and  much  larger 
hird^  of  simitar  habits,  that  has  only  recently  become  extinct, 
but  that  is  only  known  by  the  bones  of  its  skeleton  and  the 
fragments  of  the  egg  shell.  Some  of  these  estinct  birds  must 
have  attained  at  least  double  tho  bulk  of  the  largest  ostriches. 

Thus  it  is  clear  that  in  the  case  of  birds,  as  of  reptiles  and 
fishes  and  the  invertebrata,  there  are  certain  groups  distributed 
iu  certain  parts  of  the  earth,  all  more  or  less  characteriatic, 
and  all,  though  adapted  to  existing  conditions,  appearing  to 
connect  these  with  some  former  and  different  condJtioiis,  when 
the  races  now  less  important  were  the  prevailing  types  of  their 
class. 

This  conclusion,  will  be  coaflrmed  when  we  consider  the 
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tw  of  the  other  mhabitants  of  tJie  land.  These  iacludo  the 
most  importaiil:  of  all  speties,  for  thej  are  all  aairnols  provided 
with  high  and  complex,  nervous  organisation.  For  the  most 
part  they  possess  intelligence  ;  and  the  females  of  all  the  varied 
Bpecieg  bring  forth  their  joung  alive,  being  prDvided  with  milk, 
a  peculiar  and  convenient  food,  supplied  to  the  joung  nniiDalB 
during  the  interval  that  elnpsts  liet\veen  birth  and  the  time 
when  they  haue  suflBcient  strength  to  provide  for  themselves. 
These  animals  are  technicallj  t^Med  nutmiuah. 

Mammals  are  very  widely  distributed  over  the  earth.  Some 
are  confined  to  the  surfacej  some  burrow  under  the  surface ; 
many,  as  we  have  already  aeeu  in  Bpeakmg  of  marine  animals, 
permanently  inlinbit  the  sea.  A  few  may  be  said  to  inhabit 
the  air.  They  have  great  powers  of  locomotion,  though  these 
are  in  no  case  so  efficacious  ag  the  wingg  of  the  bird,  and  do 
not  allow  of  either  the  same  kind  or  amount  of  migration. 

There  are  several  distinct  natural  groups  of  mammals^  which 
are  distrihuted  in  a  very  diiTereut  maimer  on  the  eaith.  Of 
all  thesfif  man  is  at  the  bead.  Next  in  order  are  the  four- 
handed  manamab,  such  tus  monkeys.  The  gorilla  and  chiiu- 
panzee  are  the  moat  striking  examples^  and  in  some  respects 
epproach  moat  nearly  to  man ;  but  while  man  in  some  one  or 
other  of  the  principal  euh-diviaions  of  bis  race  is  enahled  to 
inhabit  all  pnrts  of  the  world,  from  the  poles  to  the  equator, 
these  monkeys  are  very  strictly  limited  to  small  tracts  of 
country,  and  can  hardly  be  removed  from  their  own  soil  and 
climate  without  death  resulting.  It  i&  well  known  that  west- 
ern tropical  Africa  and  tropical  Asia  are  the  habitatH  of  these 
singular  animals.  Others,  but  very  different  species,  range 
through  Asia  to  the  islanda  of  the  Indian  Archipelago.  Others, 
Btill  very  different  in  structure  and  habits,  are  found  in  South 
America,  There  ate  few  thiugs  more  remarkable  than  the 
wide  distribution  of  the  human  race  and  its  wonderful  adapta- 
bility to  change,  as  contrsBted  with  the  strict  limitation  of  all 
the  most  characteristic  quadruraanea.  It  may  he  said,  in  a 
general  way,  that  the  tropical  forests  are  the  cliief  abode  of  the 
monkey  tribe  ;  and  that  while  Asia  is  the  especial  home  of  the 
ape,  AJfrica  exhibits  the  best  types  of  the  baboon.  Ail  the 
monkeys  of  Atiierica  have  prehensile  tails, 

A  large  and  important  group  of  flyshftedrag  quadrupeds  is 
tho  caruivora — these  are  chiefly  abundant,  and  on  a  large 
lale,  in  the  tropics.     The  gnawing  atiilQal^  or  lodauta,  a.^4. 
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I  ruminating  animala.  are  more  chflracteiistic  of  temperate 
iiUnaaLea-  Tho  pacihydermatu  abound  in  certain  localities, 
both  in  the  tropics  &in\  ia  sub-tropical  and  temperate  plaiiiij. 
The  edentates  aud  marsupiala  are  singularly  local ;  the 
winged  quadrupeds  or  bats  are  tropical  for  the  most  part, 
but  range  widely  ;  duil  the  tetoeeftDS  are  aquatic.  Some  quad, 
nipeds  are  capable  of  migrating,  but  far  the  most  part  they 
jvtaiu  their  natui'al  habitats,  except  when  ti'ansported  by  the 
iigene.y  of  man. 

A&iii  13  thi^  metropolis  of  a  large  number  of  importaDt 
gioups  of  quadrupeds  that  have  in  the  course  of  time  spread 
over  most  parts  of  the  great  continent,  and  that  have  tven 
been  transported  to  America  to  the  destruction  of  native 
tribe:^,.  The  gi'eat  monntain  chain  of  the  Himalajajis  and  its 
offsets  divides  Asia  into  two  distinct  provinces.  Westtm 
Asia  is  also  vary  distinct  from  the  eastern  part  of  tlie  country, 
and  the  talde  lands  of  the  north  and  south  exist  under  totally 
different  couditions.  Thus,  while  in  the  northern  plains  we 
have  the  rein-docf  and  the  elk,  the  wolf,  the  white  end  other 
bears,  the  lyus  and  the  flying  squirrel,  meeting  the  Bsugal 
tiger  and  the  panther  among  the  snows  of  the  mountaioa 
and  on  the  banks  of  the  Obi,'— tliese  are  mixed  towards  the 
west  with  several  species  of  horse  and  antelopej  various  goats 
and  sheep,  the  camel,  and  a  iiumbi^r  of  ruminating  animals 
that  approach  European  forms.  The  true  horse  and  the  ass, 
Indigfiootis,  perhaps,  in  Central  Asia,  make  theii*  appearance 
in  the  lower  plains  and  steppes,  and  there  meet  the  familiar 
qurtdnipeda  of  northern  atid  southern  Europe. 

South  of  the  mountain  chain  ia  one  of  the  chief  habitats  of 
tho  eaniivora,  wliere  are  species  referred  to  upwards  of  Bixty 
genei-a,  and  where  hIso  there  are  many  bears,  bysenaa,  and 
jackals,  with  the  larger  pachyderms,  including  the  elephant, 
the  rhinoceros,  and  the  tapir,  and  two  representatives  of  the 
edentates,  whose  home  and  metropolis  is  on  the  other  side  of 
tha  great  ocean.  These  two  species  are  §oaly  ant-eatare. 
Thej  rang©  through  India  io  China,  and  iextend  into  Formosn. 
The  Indian  Archipelago  contains  two  zoological  provinces. 
One  of  tbera  is  tha[  of  southern  Asia,  including  the  flying 
lemurs,  vampire  bats,  civet^f  ielineumons,  polecatSj  and  others ; 
tigers,  porcupines,  elephant,  tapir,  the  bubjrou&sa,  two  species 
of  rhinoceros,  and  large  deer.  On  the  other  aidts  oft 
hut  deep  channel,  we  find  a  totally  diflerent  group  cotme^ti 
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viith  the  Ant^tr&lign.  fauna^  which  is  ultogfitlier  distibct  from 
that  of  Asia,. 

Tho  AuairslifiD,  or  AustrQ-Mflfayftn  region,  comprises  fill 
the  islands  lying  west  of  a  narrow  channel.  They  include  as 
their  easternmost  limit  the  lai^e  islands  of  Java,  Borneo,  and 
the  Philippines,  The  Celebes,  the  Molacca  gi'oup,  and  New 
Guioea,  are  islands  that  muBt  be  added  to  Australia.  In  Ce- 
lebes and  the  Molucca  are  one  species  of  ape,  one  civet,  one 
deer,  and  one  of  the  hovidre,  mingled  with  numerous  marsupial 
flyiug  squirrels,  eastern  opossums,  and  kangaroos^  In  Aus- 
tralia ftlmoet  all  the  spe^^ies  are  WArsnpiaU  by  whith  is  meant 
that  the  female  la  provided  Y'ith  a  kind  of  bag  or  pouch  {i/mr- 
supiiim  a  pouch)^  in  which  the  youug,^  who  are  brought  forth 
at  a  rery  early  period,  are  conveniently  caxried  by  the  mother 
till  they  are  able  to  shift  for  themselves.  This  remarkable 
contrivance  seems  well  adapted  to  a  country  where  there  are 
wide  tracts  without  water  during  a  large  part  of  the  year. 
All  the  principal  animals  of  other  countries  are  represented  in 
Australia  by  species  having  this  peculiarity,  hut  the  habits 
and  form  of  mtiDy  of  them  are  exceedingly  anomalous.  Thua 
the  kangaroo,  one  of  the  most  familiar,  rests  on  its  hind  lega 
and  tail,  its  fors  legs  being  extremely  Bhort.  It  moves  by 
bounds,  aided  by  the  tail.  Besides  important  groups  of  mar' 
aupiala  there  ai-e  aVso  two  aquatic  edeotates,  one  a  moie,  with 
a  mouth  and  bill  resembling  a  dupk,  the  other  a  hedgehog 
covered  with  quillfi.  Australia  is  thu*  an  absolutely  perfect 
zoological  provinre,  sa  far  as  mamsinalH  are  concerned  ;  but 
the  asaociated  islands  to  the  north  have  received  addittong 
from  the  adjacent  Jand.  Since  its  human  occupation  Aus- 
traba  has  also  received  numerous  ft'esh  quadrupeds,  some  of 
which  multiply  very  rapidly. 

Africa  ia  tl:e  zoological  province  of  great  interest.  It  con- 
tains a  peculiar  olephnnt,  a  rhinoceros,  and  hijipopotamuti, 
peculiar  speciea  of  horse,  a  vast  variety  of  antelopes,  and  a 
great  variety  of  feline  animals.  Of  threQ  hundred  and  fiflj 
apecies  of  quadrupeds  two  hundred  and  fifty  are  either  pecuUar 
to  the  continent  or  hare  had  there  their  origin. 

South  America  may  almost  be  compared  with  Australia  as 
a  great  zooSogical  province.  Most  of  its  quadnipods  are,  how- 
ever, moderate  in  size,  not  remarkable  for  strength,  and  in- 
ferior to  the  represeutative  species  in  the  old  world.  Thus 
the  llama  and  alpaca  represent  the  camel*,  tke  IvtUei isww^- 
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taraua  (a  ri^er  mouse)  the  hippopotemus ;  the  puma  and 
jftguar  the  great  camivora  of  Beogftl;  aiid  the  tapir  the 
elephaot.  In  addition  to  these  are  the  sloth  tribe,  the  aut- 
eaters,  the  etnal]  hut  curious  Eapojous  and  spider- monkeys,  the 
chinchilla,  and  a  few  others  of  less  importance.  North 
America,  with  few  of  these,  contains  a  remarkfibie  group  of 
large  iniminants,  including  the  bison  fijid  the  muak  ox.  It 
also  has  the  grizzlj'  bear,  the  racoon^  eeveiul  opossums,  and 
«evei%l  ca^rnivom  and  rodents.  Some  of  these  seem  to  have 
been  introduced  from  the  Old  World. 

Such,  expressed  very  briefly,  is  the  distribution  of  quadrupeds 
in  the  world.  It  agrees  in  a  general  way  with  that  of  other 
tribes  and  classes  of  animals,  and  with  that  of  plants.  To 
account  for  it  we  m^y  no  doubt  a&aume  that  each  district  was 
at  Some  distant  period  a  detached  land,  for  which  was  created 
a  special  flora  and  fauna,  and  that  by  degrees  these  detached 
lands  have  come  into  contact  at  various  poinls.  "We  must  in 
that  case  admit  that  the  tanda  have  been  conatandy  altering 
in  climate  and  position ;  constantly  becoming  less  Bite^^l  for  the 
tribes  once  adapted  to  them,  bo  that  the  original  species  have 
dwindled  and  become  exhausted*  or  have  beeu  partly  replaced 
by  new  creations,  or  by  emigratioD.  If  this  be  so,  the  system 
of  nature  would  seem  to  be  imperfect,  aud  always  getting  out 
of  order.^a  conclusion  neither  reasonable  nor  desirable. 

There  is,  however,  another  alternative.  It  may  be  that, 
accordiog  to  the  original  constitution  of  the  universst  all  iheso 
changes  of  circnmstanL-ea  were  foreseen  and  provided  for ; 
that  each  alteration  of  climate  as  it  occurred  was  met  by  a 
modification  of  form ;  that  where  a  new  species  was  needed, 
there  a  new  species  grew,  out  of  some  one  that  had  performed 
its  task  ;  and  that,  apparently  by  a  system  of  development  and 
the  fttrce  of  circumstances,  but  really  by  the  operation  of  that 
same  series  of  laws  that  keeps  the  earth  and  the  sun  in  tUeir 
places  in  the  universe^  all  the  requked  tbftnges  were  wrought 
out-  The  reader  may  elect  which  of  tliese  two  hypothesffl 
is  that  moat  worthy  of  an  Almighty  Power. 


DiaTBIBTJTION  OF  PL1NT3  AND  ANIMALS  Df  TIME. 

About  two  centuries  ago  4  great  cootroversy  raged  in  ItaJj  as 
to  whether  certain  stones  imitntiTe  of  organic  shapes  were  pro- 
duced by  a  pecuhar  fatty  matter,  niatt^ria  pinguia,  set  into  fer- 
mentation  by  heat,  or  were  porous  bodies  (originally  real  bones 
and  shells),  converted  into  stone  by  the  action  of  a  "  lapidifying 
juice ;"  or  whether  possibly  they  may  not  have  been  mere 
stones  and  earthy  concretions— /usi  naturts — sports  of  nature, 
thrown  off  in  nioraeata  of  leisure  aa  a  relaxation  from  the  heavy 
labour  of  carrying  on  the  every-day  affairs  of  life. 

The  etotiy  representatives  of  animals  and  plants  thus  exist- 
ing beneath  the  soil,  in  sand,  graYc!,  limestone,  and  other 
suhstaTicee,  were,  at  the  time  alluded  tOj  described  in  general 
language,  with  all  other  mineral  substances,  as  fossils,  or  dungs 
dug  up. 

By  degrees  these  imitadve  organic  shapes  were  found  in  ^0 
tnany  places^  and  in  Buch  great  abundance — they  simulated  so 
exactly  the  remains  of  animals  and  vegetables — they  presented 
for  inTeatigation  $0  many  fem&rkable  varieties  of  structure, 
atid  seemed  to  indicate  so  dearly  that  th&y  had  once  belonged 
to  real  living  organic  beings,  that  the  study  of  "fossils  "  (this 
term  in  time  becoming  limited  in  its  meaning  to  fossil  organic 
remairs),  ceased  to  be  the  pursuit  of  curiosity  hunters ;  and  it 
was  admnted  that  the  objects  in  question  must  be  the  re- 
tnains  of  the  former  inhabitants  of  the  world,  buried  during 
the  lapse  of  ages  in  those  various  depoaita  of  mineral  matter  of 
which  the  earth's  crust  is  chiefly  composed. 

Thus  aroFS  the  department  of  zoology  and  botany  which  is 
now  called  Pdhontolorj/jj.  It  has  been  alluded  to  in  pn^- 
ceding  chapters ;    and  it  appears  from  it  that,  oa  ■&  lAtVi^a. 
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order  of  arrangement  or  distribution  of  animals  and  vegetaUea 
can  be  traced  on  the  eartli, — different  districts  haviog  peculiax 
climates,  Hnd  distant  places  similar  climates, — so  tbere  exists 
a  distribution  of  life  in  time  almost  exactly  correapondmg  with 
this  distribution  in  vertical  and  borizontal  space. 

The  discovery  and  careful  examination  of  large  groups  of 
the  sliells  and  other  remains  of  marine  aiximals  in  various  de- 
posita  of  sand  and  limestone,  has  long  since  confirmed  this 
conclusion,  which,  however,  is  very  important,  as  marking  aa 
era  in  the  historj  of  fossils.. 

PalsBoutology,  then — adiscoiirse  concerning  ancient  beings — 
iuvulues  the  investigation  of  all  that  can  be  known  of  ihe  planU 
and  animajg  of  the  ancient  world.  Laying  aside  all  specnlati\*e 
or  theoretical  views  concerning  the  earth  and  its  hietorj,  thus 
much  is  certain.  The  earth,  a&  far  as  we  can  examine  iU 
consists  of  varioua  mineral  subatancea  — sandstones,  lime- 
stones, and  clays — ranged  in  strata,  in  pretty  regular  ordfiT, 
but  often  lilted  up,  m  that  by  tisvelling  across  them  in  a 
certain  direction  we  find  one  after  another  at  the  surface. 
Each  one  of  theae  beds  we  may  regard  as  being  remarkable 
for  some  group  or  other  of  oi^anic  remains  {fossiU},  and  sach 
fossila  afford  the  only  meanis  we  have  of  learning  the  conditions 
under  Tvhicit  that  particular  bed  was  deposited,  and  the  repre- 
sentative forms  of  that  portion  of  geological  time. 

If  the  distribution  of  species  in  time,  as  in  apacs,  were  not 
a  law  of  nature,  we  should  soon  disi^over  it  by  identical  specie? 
in  beds  of  the  same  miiteral  character  at  various  depths  wiehout 
Bucb  species  occurring  in  the  intermediate  deposits.  In  other 
■words,  and  remembering  what  has  leen  said  of  representative 
forms,  we  should  expect  to  Sud  identical  species  in  beds  above 
and  below  those  which  contain  representative  species.  This 
has  never  yet  been  done,  and  as  many  thousand  species  have 
been  examined  and  carefully  described  from  a  vast  number  of 
distinct  beds,  the  law  may  be  regarded  as  established* 

But  if  this  is  so— if  Palfflontology  is  in  a  state  to  command 
attention  as  a  science  dealing  with  admitted  fucts  and  estab- 
lished laws,  and  may  thus  take  rank  as  a  distinct  and  complete 
department  of  general  natural  history,  there  result  some  infe- 
reuoea  and  consequences  equally  startling  and  suggestive. 

Thus  it  would  aeera  that  by  the  aid  of  Palfeootology  all  tlie 
gaps  and  deficiencies  that  occur  in  the  grouping  and  classifica- 
tion of  animals  ought  to  be  filled  up.    FalEBontology  and  genend 
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natural  history  (zoology  and  botany)  together,  ought  to  supply 
evety  liflk,  ami  either  form  q  perfect  chain  or  prgire  that  there 
is  no  such  tWng  iti  nature. 

So.  again,  it  might  be  expected  that  we  should  be  enabled 
to  detennine  the  peculiarities  of  climate  that  preTailed  on  the 
earth  during  the  exiateace  of  certain  groups  of  animals  and 
plants  in  any  district. 

While  the  climate  of  the  oarth  and  the  broken  links  in 
creation  thua  seem  likely  to  be  made  out  by  the  pursuit  of 
Pat8eontolog3%  a  knowledge  of  the  depth  and  teinperatnre  of 
the  oceau,  and  some  idea  of  the  nature  of  its  bottom  during 
the  deposit  of  any  particular  stratum,  may  also  l>e  looked  for. 
In  a  word,  a  real  and  unbroken  history  of  nature  in  her  opera- 
tions through  the  organic  and  inorganic  world  would  seem  the 
only  limit  to  this  comprehensive  branch  of  science. 

Perhups,  &t  some  future  day,  wbea  observationg  shall  have 
multiplied  and  generalisations  have  kept  pace  wiih  their  increaae 
—when  the  vast  tracts  of  land,  no\T  unexamiued  geologically, 
shall  have  been  ransacked  for  foaails,  and  all  the  accumulations 
of  evidence  have  been  weighed  and  distributed,  each  having 
been  allowed  its  fair  viJue  io  the  discovery  of  tmtli,  something 
of  this  Itind  may  occur.  Meanwhile  it  must  be  admitted  that 
the  evidence,  perfectly  to  be  depended  ou  as  far  as  it  goes,  is 
yet  very  limited  in  its  range — tlie  blanks  and  intervals  between 
strata  and  species  are  far  greater  and  more  freqiieiit  than  might 
have  been  hoped,  while  the  continuity  of  the  so-called  chain 
is  by  no  means  proved* 

It  wili  he  clear  that  there  are  two  aspects  in  which  we  may 
regard  Polit ontology.  On  the  one  hand,  collecting  and  arrang- 
ing the  varieties  of  specific  character  presented  by  the  lost 
races,  we  may  construct,  as  well  as  circumatances  admit,  a 
aeries  of  groups  of  species,  each  corresponding  to  a  presumed 
period  of  the  earth's  history,  regarding  each  of  these  periods 
as  a  region  in  which  characteristic  species  seem  to  have  origi- 
nated. Such  a  region  is,  in  technicaJi  natural  history  kugiiiige, 
a  specific  centre,  or  a  point  from  which  speciea  have  diverged. 
The  whole  eurth  is  considered,  according  to  this  %-iew,  to  be 
parcelled  out  at  present  into  a  number  of  districts,  each  of 
which  ia  a  specijiii  centre,  and  each  such  district  must  be  sup- 
posed to  have  commenced  ita  biologicid  hiatoiy  by  having  no 
species  except  those  created  e.^pre85ly  for  it,  or,  in  other  worda, 
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all  the  prevailing  types  must  have  been  introduced  by  on  ex* 
press  act  of  creation. 

Such  instanc«s  of  natural  pFovmces  are  found  iu  the  Eara- 
pea.n  seas.  Six  Biich  provinces  are  described  S3  belonging  to 
these  aea9  oul;,  and  a.  province  is  understood  to  mean  an  area 
within  which  there  appear  to  have  been  called  into  being  the 
originals  or  protopksta  of  certain  animals  and  plants.  In  the 
course  of  diffusion,  and  through  the  lapse  of  time*  species  mAJ 
become  extinguished  ia  their  original  centres  and  remain  only 
in  some  one  or  seveml  portions  of  die  area  over  wJiich  th^ 
afterwards  became  diffused ;  and  as  groups  of  individuals  of  ft 
single  speciea  roftj  thua  become  isolated,  they  may  present  the 
fallacious  ajpect  of  two  or  more  *;entre3  for  tha  same  species. 
To  get  at  the  causes  of  such  phenomena  we  must  trace  the 
history  of  the  species  backwards  iu  time,  and  inquire  into  its 
connexion  with  the  hiiatoiy  of  geological  change. 

Provinces,  also,  like  species,  must  be  traced  back  to  thar 
btdtory  and  origin  iu  past  ttme»  and  patsontological  research 
obtaiua  for  us  a  knowledge  of  groups  occopying  the  aaroe  geo- 
graphical pot^ition,  but  changed  &om  time  to  time  and  corres- 
ponding to  groups  of  organic  beings  occupying  different  regioaa 
in  spai^e.  Such  is  one  of  the  aspects  under  which  Palffiontology 
may  be  regarded. 

But  tliia  is  not  the  only  view.  As  the  comparison  of  gpeeies 
living  in  distant  countries  with  similar  climates,  or  in  seas 
immediately  adjacent  but  separated  by  on  impassable  btirrier, 
shows  indistinct  groups  of  species  in  -Uiese  different  locaiities, 
not  leas  does  the  comparison  of  typical  forms  under  such  cir- 
cumstances  show  a  relation  of  analogyK  if  not  of  affinity.  A 
common  bond  of  brotherhood  appears  to  unite  the  varioiia 
families  of  one  province,  however  distinct  they  may  seem ;  but 
a  bond  of  i-ouaiualiip  only— a  mutual  relationship  to  the  same 
distant  ancestor — is  the  link  that  unites  races  separated  by 
impassable  barriers.  Looking  back  far  into  time  we  Sud  that 
the  same  rule  holds  good.  The  resemblance  is  of  one  kind 
when  the  auccessinn  is  made  out  in  any  given  spot  by  the  com- 
jwriijtiii  of  species  in  bed:j  successively  deposited ;  but  of  another 
kind  when  we  exaroine  contemporaneous  groups  separated  by 
wide  iutervala  of  horizontal  or  vertical  space. 

Let  us  illustrate  this  by  a  few  examples.  No  two  mariae 
faunas  ai-e  more  distiuct^there  is  hardly  a  fish,  shell,  or  crsb 
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id  conimoti — tTiaii  tbose  of  the  eastern  and  western  shores  of 
South  and  Ceoti-yl  America ;  yet  these  great  fiiunas  are  sepa- 
rated only  ly  the  imrrQW  but  impasaable  Isthmus  of  Paneina. 
Further  west  in  the  eastern  islands  of  the  PaciJi^:,  separated 
}fj  a  wide,  open  ocean,  in  another  and  totally  distinct  fauna. 
All  these  are  iu  the  aame  lalitade  and  under  corresponding 
climates,  but  they  are  totally  distiDct.  Similar  illtujtfations 
might  readily  be  given  in  abundance,  but  one  19  sgiScient. 

Just  so  it  ia  in  tracing  back  the  hiatoiy  of  organic  beings  hi 
time.  By  the  study  of  PalEeontoiogy  the  law  of  geographical 
distribution  as  deduced  from  esistiBg  &peciea  is  shown  to  have 
been  in  force  during  perioda  of  time  long  antecedent  to  human 
history  or  to  any  evidence  of  human  ex,igtence ;  and  yet  in 
relation  to  the  whole  known  period  of  life-pheDomena  upon 
this  planet,  to  have  been  a  comparatively  recent  result  of  geo- 
logical forces  determining  the  present  conSguration  Hnd  poaitioQ 
of  contments. 

Hereby  Paleontology  throws  light  upon  a  most  interesting 
branch  of  geographical  science — that,  namely,  which  relates  to 
foraier  confignratiiinij  of  the  earth's  snrfacej  and  to  other  dis- 
positiona  of  land  and  sea  than  prevail  at  the  present  day. 

Finally,  Palaeontology  has  yielded  the  most  important  facta 
to  the  highest  range  of  knowledge  to  which  the  human  intellect 
aspires.  It  teaches  that  the  globe  allotted  to  man  has  revolved 
in  its  orbit  through  a  period  of  time  60  vast,  that  the  mhid,  in 
atteuiptnig  to  realise  it,  is  etfained  by  the  effort.  So  it  is 
when  we  attempt  to  conceivs  tha  space  dividing  the  solar 
By&tetn  from  the  most  distant  nehulffl. 

Palfflootology  has  shown  that,  from  the  inconceivahly  remote 
period  of  the  deposit  of  the  Laurentian  rocks,  the  earth  haa 
been  vivified  by  the  sun's  light  and  heat,  has  been  fertilised 
by  refreshing  showers,  and  wwhed  by  tidal  waves  ^  that  the 
ocean  not  only  moved  in  orderly  oacillationg,  regulated  as  now 
by  3UU  and  moon,  but  was  rippled  and  agitated  by  winds  and 
storms ;  that  the  atmosphere,  besides  these  movements,  was 
healthily  influenced  by  clouds  and  vapours  rising,  condensing, 
and  falling  in  ceaseless  cuculation.  Under  these  conditions 
PalEeontology  demonstrates  that  life  has  been  enjoyed  dur- 
ing the  same  countless  tbousands  of  years,  and  that  from  the 
beginning  with  life  there  has  been  death.  The  earliest  testi- 
mony of  the  living  thing,  whether  coral,  crust,  or  ehell,  in  the 
1       oldest  fossiliferous  rock,  is,  at  the  fia,Eiie  liiae,  "^xo^i^  liieA.  \\,  3i\E,^. 


SSi 


phtbiChU:*  oeogr&fht. 


At  no  penod  iloea  it  appear  that  the  gift  of  life  has  been 
mouopolised  by  contemporary  individualB  through  a  stagnant 
aameuesH  of  untold  timo ;  but  it  haa  been  handed  down  from 
generation  to  generation,  aud  successively  enjoyed  by  the  count- 
leas  thousands  thatconatitute  the  species.  PaliEontology  further 
teaches,  that  nut  only  the  iodividualj  hut  the  species,  perishes; 
that  09  death  is  balanced  by  generation,  so  extinction  has  been 
concomitant  with  the  creative  power,  which  has  continued  t» 
provide  a  sueceasion  of  species ;  and  furthermore,  that  aa  re- 
gards the  various  forms  of  }ife  wliich  this  planet  ha,5  supported, 
there  has  beeu,  on  the  whole,  an  advance  and  progress.* 

But  Palfflontology  has  not  taught  tJie  law  according  to  which 
species  have  been  successively  introduced ;  and  as  the  opera- 
tion of  the  introduction  of  new  species  ia  veiled  from  our  eye, 
except,  indeed,  it  can  be  traced  in  the  gradual  departure  of 
varieties  from  the  type  of  the  species,  it  is  difficult  to  iifiagine 
in  what  way  this  mystery  wiU  he  penetrated. 

Naturahsts  owe  to  Mr.  Darwin,  in  his  %vork  '^  On  the  Origin 
of  Species,"  a  fearless  and  honest  induction  in  reference  lo  tliia 
subject.  Mr,  Dfirwiu,  having  ohs^rved  the  ei;tTeme  variability 
of  certain  species  of  domesticated  animals  and  cuUivated  plants, 
connected  these  facta  with  the  great  struggle  for  exifitence, 
which  results  from  the  command  of  nature  to  increase  and 
mulciply.  The  only  check  on  an  increase  so  large  and  so 
rftpid  that  any  one  species  would  speedily  occupy  the  space 
provided  for  alt,  is  a  destruction  of  the  weakest  and  least 
vigorous  individuala. 

It  is  not  difficalt  to  follow  out  this  train  of  argtiment.  A 
species  of  animal  or  plant  abundant  in  any  pEirticnlar  locality 
is  so  because  circumstances  are  favourable  for  its  development 
and  not  so  favourable  for  others  at  hand  that  Tvould  replace  it 
if  they  could.  There  is,  however,  no  permanence  in  eiisting 
things,  fuv  no  two  seasons  are  exactly  alike.  Cold  and  heat, 
wet  and  dry,  shelter  and  eiposure,  all  vary  from  year  to  year ; 
while  a  slight  change  in  almost  any  of  these  may,  in  a  thousand 
indirect  ways,  aifect  any  species.  Every  species,  therefore, 
must  be  subject  to  occasional  crowding  out,  producing  starva- 
tion, if  it  be  not  to  some  extent  capable  of  adapting  itself  to 
changing  circumstance s>  If  it  should  not  be  thus  far  capable 
of  change,  either  in  itself,  or  in  some  of  its  otfspring,  it  can 
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only  be  abundBiit  for  ft  short  time,  and  will  tlien  lie  lost  altc- 
getber.  If  it  be  changeable  in  any  important  respect,  or  if, 
of  the  rising  generation  of  plants  or  animals  of  any  species, 
some  iudividtiaSi^  nre  more  readily  altered,  or  arn  uatarally 
more  modified  in  a  fiivotirable  direction,  thttn  the  rest,  thien 
there  will  be  the  commence nrent  of  a  variety  formed  by  the 
nccidentpJ  peculiarity  of  some  one  member  of  a  pronp.  Owing 
to  the  wdl-knowii  law  of  resemblance  of  the  otf^pring  to  the 
parent,  there  ^viil  probably  bo  some  of  the  Jiext  auocession  who 
possess  tills  peculiarity  of  the  parents,  whatevt-r  it  may  be. 
Out  of  the  Tvhok  number,  those  individuuls  who  are  strongest 
and  best  able  to  tight  their  ^-ay  must  succeed,  audtha  rest  tail  and 
die,  beJn^  beaten  in  the  battle.  If,  therefore,  the  peculiarity 
is  advaTilrtgeous,  it  will  be  perpetuated  ;  if  unfavoarable,  it  will 
be  lost. 

It  is,  of  course,  a  moat  inapnrtant  inquiry  how  far  this  pro- 
duction of  a  Tariety  can  go,  and  what  it  lemls  to.  As  far  ae 
man  ja  concerned,  be  can  only  take  advaotage  of  what  he  sees, 
and  his  selection  of  peculiarities  from  which  a  pemianent  va- 
riety cnn  be  secured,  is  confined  to  a  few  external  oharacterB- 
His  object,  also,  being  generally  to  produce  modifications 
which  the  animal  In  a  state  of  nature  would  not  be  able  to 
Eu^itnin,  it  cannot  be  regarded  as  rendering  the  eraployments 
of  the  method  of  selection  by  nature  less  probable,  that  knowia 
vavifities,  prnduced  by  domestication  and  cultivation,  have  a 
tendeni;y  to  die  out,  or  even  to  fall  back  townrds  the  original 
type.  Therein,  indeed,  no  proof  that  the  actual  original  ivould, 
in  such  casea,  be  obtained  ;  but  the  niitural  varieties  of  domes- 
ticated ariiraids  run  wild  are,  as  nught  have  been  expected. 
Buch  as  point  to  the  peenliariities  of  striictare  adapted  to  free- 
dom and  not  restraint,  and  are  apt  to  imitftto  verj-  closely  the 
peculiarities  of  structure  of  the  original  wild  parent 

The  principle  sui^gested  by  Mr.  Darwin  na  the  one  adopted 
Ijy  nature  to  produce,  tirst,  permanent  useful  varieties  ;  then 
species ;  and  aftenvards.  perhaps,  wider  divergences,  h  the  prin 
oiple  of  selection.  This  word  is  menct  to  express  the  method 
according  to  whicbr  in  the  great  battle  of  life  and  struggle  for 
existence  and  supremacy,  a  balance  ia  always  and  everywhere 
Btiucit,  and  that  n<3ver-ceasing  variety  is  preserved,  which  is 
one  of  the  most  atrikiog  illustrations  of  tlie  infinite  power  and 
jWisdom  of  the  Original  Designer. 

It  would  seem  to  be  a  direct  result  of  the  incessant  stm^'^lea 
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tj^luug  place,  that  there  la  bo  much  order  and  system  in  nature, 
and  that  every  race  is  continued  by  those  individuals  whu  arfl 
best  adapted  to  the  circumstance  fi  of  the  day.  whatever  they 
may  be.  And  it  is  in  this  way  that  we  find  preserved  in  har- 
mony the  ffrand  scheme  of  creation^  according  to  which  life  is 
everywhere  present,  and  is  always  tending  to  higher  forms  ol 
development  where  circumstances  are  fkvourable.  There  ia 
nothing  m  this  view  of  the  method  of  creation  that  can  be  re- 
garded OS  derogatory  to  the  power  and  dignity  of  the  Great 
Creator ;  for,  the  gradual  derivation  of  species  from  varietieB, 
under  the  action  of  a  law  impoEed  on  or^nisfttiou,  is  as  grtiat 
an  exhibition  of  power  aa  Uie  occasional  infraction  of  a  law,  or 
the  constant  retuiTence  of  special  acts  of  creation. 

Let  us  now  rapidly  glance  at  the  succession  of  organic  boings 
ou  the  earth,  so  far  as  is  miida  known  by  the  remains  thai  have 
been  handed  down  for  our  examination. 

The  remains  of  vegetation  found  buried  in  rocks  incliide 
all  parlB  of  plants,  such  ns  stem  or  trunk,  roots,  branches, 
leaves,  tlowei-s  and  fruit,  Kemainsof  this  hmd  occur  in  rocks 
uf  all  ages,  though  tliey  are  ehieHy  abundant  in  those  of  the 
carboniferoiis  period,  where  are  enonuous  depo.sit9  of  coal, 
derived  from  acctimulations  of  vegetable  matter.  They  include 
all  the  liuown  kinds  of  plants,  though  in  a  proportion  very 
dilferent  from  the  present,  and  it  is  certain  that  the  same  great 
types  of  vegetation  have  always  existed  from  the  time  when  the 
oldest  known  ptant-bearing  rocks  were  accumulated  to  the  pre 
seat  day.  The  earliest  rocks  containing  foasila  of  thiy  kiod 
are  the  Cambrian,  and  the  remains  are  those  of  marine  plani 
Land  plants  ai*e  known  in  rocka  of  the  Silurian  period. 

The  most  abundant  remaius  of  ancient  vegetation  at  all 
recogmeable,  ore  the  leaves.  Of  ratlier  the  fronds  of  ft^rfls.  These 
are  cei-tainly  forma  more  easily  preserved  than  many  othera, 
but  they  may  probably  indicate  a  greater  abundance  of  plants 
of  that  kind  than  now  ex.ists,  except  in  same  of  the  islands  of 
the  soLitheru  seas.  Ferns  and  club  moasea,  cycads  and  coni- 
feriE,— 'these  are  the  abundant  kinds,  especially  in  old  rofks. 
In  the  more  modern  deposits  in  which  plants  occur,  there  are 
abundant  indications  of  trees  resembling  those  of  Europe  at 
r^ent. 

But  the  extinct  species  made  known  to  ua  by  the  fragments 
of  plants  in  the  coal  measures,  are  not  at  all  like  thoae  with 
which  we  are  now  familiar.     They  include  several  very  curious 
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forms.  Ferns  and  fem-like  plauta  are  especially  uLundant ; 
but  remaing  tliat  aeeoj  to  be  those  of  gigautk  club-mosses  and 
huge  reeds  are  even  more  eliarftcteristic.  The  Lt^idndendron 
and  the  Caljimites  are  the  njitnes  by  which  these  are  known  to 
geologists.  Tbe  Slffitlana  and  Stiffrtianu  would  sflem  to  ha,v^ 
been  the  tninka  and  roots  of  lofty  tree-fema. 

The  Lepidodendron  seems  to  have  been  a  form  intermediate 
between  the  conifers  and  the  lycopodiocofflj  (dub-mosses.) 
The  leaves  were  arranged  as  in  the  pines  ;  the  branches  bifur- 
cate like  the  eltib-mosses.  The  elub-mos^ea  are  now  always 
minute,  but  trunks  of  lepidodendron  have  been  found  indi- 
cating trees  50  feet  high.  The  leaves,  and  even  the  fruit, 
which  is  cone  shaped,  have  been  found  frequently  with  the 
trunk ;  the  stem  of  the  tree  had  a  thin  cuticle,  a  double  cellu- 
lar zone,  a  hollow  vascular  cylinder,  and  a  pith.  The  tissue  is 
ftiTftnged  like  that  of  ferns.  Bei^itJes  this  transition  foruii  true 
conifers,  resembling  the  Araucaria,  or  Norfolk  Island  pine, 
hft¥9  been  found  iu  the  coal  meaaares.  Some  specimeas  ure 
at  least  70  feet  lon^.  The  Siglllaria  was  probably  a  tree-fern, 
sometimes  consisting  of  a  stem  100  feet  high,  crowned  with  its 
luft  of  fern-like  fronds.  It  had  aome  relation  to  the  conifers. 
The  roots  of  these  plants  were  large,  and  gave  off  an  enormouB 
multitude  of  branching  fibres,  esteuding  often  'iU  or  30  feet. 
Besides  them,  tliefe  were  palms  and  cycadeE  growing  abna- 
dantlj. 

At  8  somewhat  later  period,  these  trees  were  followed  by 
otherg,  more  closely  approximating  to  the  modem  zamias  and 
cycads.  Such  plants  existed  during  the  deposit  of  all  the 
secondary  rouka,  and  replaced  tlie  older  forms.  Many  exam- 
ples are  found,  not  only  of  the  fronda,  but  also  of  the  woody 
Tnasses  which  are  characterLstis  of  thia  kind  of  vegetation,  and 
they  clearly  take  the  place  of  and  re[>r0sent  the  sigjilaria  and 
other  trees  of  the  coal  measures.  With  them  \fe  find  conifer- 
oua  trunks  and  stems,  and  fruits,  apparently  of  palms.  All 
these  belong  to  northern  and  central  Europe,  and  occur  in 
secondary  i^ocks  of  all  ages  terminating  with  the  chalk. 

'  The   tertiary  period  ia  also  weli  marked.     The  CycaJeae 

were  then  gone,  and  were  replaced  by  trees  much  more  reaem- 
bling  tboae  of  onr  own  forests,  but  mingled^  even  when  found 

i      in  England,  with  leaves  and  fi'uita  of  palma,  and  of  many  plants 
and  trees   now  confined  to  the  warm  re^ons  of  the  Indian 

L^rchipelago,    Algse  and  marine  plants  aboundj  but  there  is  1 
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distinct  and  unmistokeiine  proof  that  ft  close  approximotioii 
was  made  to  the  existing  forms  of  vegetation,  even  at  liie  titfle 
when  Uie  older  lertiaries  were  deposited. 

The  iikutifiCfttion  of  planls  by  the  fragments  that  are  fouud 
ju  a  fossil  6tate  is  nnt  easy  or  sutitifactorVf  and.  i^e  can  at  test 
obtain  &  doubtful  opinion,  in  most  cases,  from  the  most  accoia- 
plishe*!  botanists.  Still,  it  setms  certain  tliat  the  tribes  of 
plunks  chietiy  accumulated  to  form  coal,  sml  those  leaving  their 
mai'k  most  dearly  iu  thesand-sloDes  and  clays  between  which 
tlie  cottl  is  found,  were  p?culiar  and  chairacteiTstio,  iudiiMitiiig 
ft  condition  of  thiugs  worthy  of  careful  study. 

Passing  on  now  ia  the  animnla,  let  us  fij^t  take  those  uf 
coraimralivfcly  simple  organisation-  Of  these,  there  i^  a  I. 
group  called  Protozoa.  They  are  simple  in  structuro 
s!sliiJi>;  of  a  repetition  of  similar  cells,  often  sedeliup  carbonaW 
of  lime  or  silicH  fn>ui  water,  and  not  unfrei^uently  superadding 
a  humy  imeguinent.  Thecoramon  sponge  of  commerce  is  not 
a  had  illu3tiAlion  of  the  kind  of  skeleton  such  animals  posses* ; 
but  it  is  only  one  of  many  forms  hy  no  means  all  alike.  Of 
the  sponges,  the  remains  of  species  secreting  limestone  abound 
in  tho  rofsks  of  the  secocdju*y  period,  espflcially  tlje  ooiiie  aiid 
chalk,  whUe  the  species  living  now  are  chieHy  homy.  As. 
however,  the  horny  sponges  secrete  silica,  and  the  horny  parti 
would  readOy  decompose,  while  the  eiliceoua  spicules  aJc  very 
minute  and  easily  injured,  this  may  involve  a  false  conclusion. 
TliG  sponges  are  for  the  most  part  without  regular  form,  and 
they  ftre  now  known  to  be  more  widely  distributed  in  u  fossd 
state  tlian  tliey  were  at  one  time  supposed  to  he.  The  cele- 
brated fossil  locality  of  Blackdown,  the  beds  at  Warminster. 
the  Kentish  rag,  and  the  greensand  of  Farringdou,  in  Wilt- 
shire, are  all  rich  in  these  remains  ;  and  some  of  g^igantic  size 
are  occasionally  found  with  chalk  Hints  in  tlie  upper  members 

■  of  the  chalk  foimatioii. 
Those  remarkahle  yhells,  long  known  Eta  Foramin-^era^  coa- 
sisling  of  numerous  ceils  coated  with  carbonate  of  lime,  atid 
com m nil i eating  apparently  by  small  oritices,  are  iufinilely 
i^hundant  in  some  deposits.  They  are  also  fuujid  bi  deiep  ^d 
mud.  It  is  impossible  to  exaggerate  the  variety  of  form  pre- 
senlcJ  Ih/ these  little  shells.  mr>st  of  which  ai-e  microscopie. 
Lnrgo  heds,  covering  thousands  of  sijnare  miles,  are  made  up 
^k  of  single  gi'oupg  of  species,  and  they  range  from  the  carbon- 
^^Uierou:^  limestone  to  the  existing  period.     On    form,  referred  to 
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group,  lias  even  been  ^letected  iii  some  of  the  oUlest  strati- 
fied rocks  kiiovrjij  certainly  much  older  tlmn  the  earhest  Cam- 
brian rocks  of  the  liritish  islands.  We  have  alluded  to  it 
already  in  a  previoaa  pai*e.  Tbe  limestone  of  which  much  of 
Paris  is  builc,  is  a  mass  of  these  remains;  tlte  Pyramids  of 
Egypt  are  built  of  them ;  and  they  are  found  in  tha  West 
Iinli(?5,  Mud  from  the  bottom  of  the  Atlantic,  at  a  depth  of  two 
mdes  and  upwards,  over  a  space  measuring  1,000  miles  in 
longitude  by  fiUO  in  latitude,  consists  of  nhie-teutlis,  by 
freight,  of  similar  remains ;  and  iu  the  Pacific  and  Antarctic 
Oceans,  an  almost  equal  proportion  of  the  mjitl  seema  to  con- 
sist of  flinty  carapaces  of  animals  very  closely  allied.  t>r. 
Hoolier  mentions  a  deposit  of  this  latter  kind  400  miles  long 
by  ISO  broad,  and  of  great  and  rapidly  increasing  thickness. 
SiliceDUS  remaint;  of  the  simplest  fonns  of  plantdife  are  also 
esceetiiugly  abundant,  and  form  beds  of  sensible  magnitude, 
ftlthougl)  it  requires  a  good  miscroscope  to  be  able  to  distin- 
guish the  smallest  trace  of  organiBation^  on  account  of  their 
exceedingly  minute  proportions. 

Many  hundreds  of  species  of  each  of  these  different  kinds 
have  been  njimed;  hut  it  may  be  hoped  that  some  day  or 
other  the  low  of  their  variatioas  may  be  detected,  and  we  may 
reduce  to  a  small  group  the  actual  named  species. 

It  is  the  uniTer»5al  opmiarj  of  the  best  micro acopiats  that 
Bome  species  of  these  animalg  range  through  a  long  series 
of  deposits,  and  also  through  wide  space  in  a  living  form. 
It  may  i>e  assumed  that  the  power  that  ha3  admitted  of  the 
range  in  time  may  also  accouut  for  tlie  nuigo  iu  space. 

Of  the  invertebrate  animals  of  more  complex  structure, 
a  very  large  proportion  are  represented  in  the  various  deposits, 
and,  indeed,  there  are  none  possessed  of  any  hard  skeleton  or 
covering  without  some  esrimpks  iu  many  geological  periods. 
There  are,  indeed,  some  ho  uniformly  soft,  and  decompos^ing 
with  anch  extreme  rapidity,  that  we  cannot  hope  to  see  Uiera 
pregerved.  Of  this  kind  ai-e  the  so-called  itea-anemones,  and 
rBome  of  the  true  polyps.  Of  the  latter  the  Bpeciraens  can 
uly  be  made  to  rotain  their  characteristic  appearance  fur  a, 
\ery  short  time,  so  that  we  c&n  only  guesa  at  the  passible 
originals  of  tlie  fossil  species. 

The  (JrnptoUti'3  (among  the  earliest  fossils  known)  are  of 
this  kmd>  and  are  now  represented  by  the  sea-pena.     Thoy 
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are  flbuTidaut  in  tlie  oMest  rocks,  nat  only  tUrougliout  ibe 
British  Istlantls,  but  wherever  such  rocks  rycur. 

With  the  Graptoiites,  nnd  with  almost  all  the  limeatones  of 
all  ages,  are  found  stony  corals.  Of  tbeae.  some  are  Isrge. 
auii  cotistmct  gij^ajitic  reefs ;  others  are  minute,  and  grada&tly 
fiil  up  pools  surrounded  by  the  more  hiirdy  jndividoals.  There 
IS  a  marked  dilTarence  between  the  stony  corals  of  the  different 
periods.  Upwards  of  a  thot*aand  extinct  Bpecies  haye  been 
described,  and  lunre  are  being  added  every  day. 

The  Bryozoa.  a  class  of  animals  intermediate  in  sotne  re- 
spects  between  the  polyps  constructing  ordinary  coral,  aod 
the  TnolluBca,  Tvho»  for  the  most  I'art,  conBtnict  shells^  are  ab 
widely  distributed  as  either.  They  are  compound  ammala, 
building  singular  and  tompltcated  habitations.  These  areo( 
extreme  beauty,  and  generally  of  small  size.  The  number  of 
estinct  epeciea  is  even  greater  than  tbnt  of  the  true  corals. 

Star  fisbes,  sea  urchins,  brittle  stars,  encrinites.  and  other 
Buigukcly  formed  ftnimals^  are  referred  to  the  class  of  Etidiatu. 
The  '*  stone  lilieg/'  occasionally  met  with  on  our  coast,  formed 
an  important  group  in  ancient  times.  The  BTiartPus,a  species 
of  the  genua  PeiiUierinitm,  named  from  its  hundred  arma 
thrown  out  to  collect  food,  is  found  hi  the  middle  and  wesl  of 
England,  and  in  Yorksliire,  and  numerous  species  of  other 
generic  forms  abound  in  the  carboniferous  limestone,  and  the 
oolites.  Star  fishes,  though  less  comraou,  have  sliU  a  wide 
range,  and  sea  urchins  are  dietribated  at  distant  uiterralft 
in  all  limeatonea. 

Of  each  of  the  tribes  of  articulated  animals : — woraas,  barna- 
cles, trilobitea,  orabsand  lobsters,  and  inaeeta— some  eiamples 
are  founil  fosail  in  various  rocks.  The  worms,  indeed^  are 
known  chieHy  by  their  easts,  though  two  or  three  species  pro* 
vided  mth  a  strong  coat  are  to  be  met  with*  The  bflmacles 
are  widely  spread^  adhering  to  drift  wood  in  a  fossil  stal6j*  and 
very  frequently  to  hones  and  shells.  The  individuals  of  one 
group  of  these  {Lcpadidii-)  were  apparently  at  a  maximtim  in 
the  chalb  seas.  Thirty-two  species  of  this  group  are  described 
from  cretaceous  rocks,  and  only  five  are  now  known  in  the 
richest  locahly  for  animals  of  this  kind^ 

A  remarkable  group  of  crustacean  animals  (the  Entomot- 
iraca)  pervades  the  rocks  of  the  older  or  PaJBeozoio  period. 
Some  of  the  crustaceans  fouDd  in  the  Old  red  Bandfiloae  aro 
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iipposed  to  have  teloDged  to  indiTiduftla  who  ttttftiiied  a  lec^tli 
of  seven  feet,  ami  vntmy  of  the  others  were  a  yard  long.  Tliey 
bear  some  slight  resemblance  to  fishes,  hut  are  more  like  the 
king  era!*  (Limulus)  of  the  West  ladies.  Trilobil«s  are  not 
Tut  removed  from  tliem  in,  proportions,  hut  though  probahly 
alUed,  they  otter  many  diJiiculties  in  classification.  These 
animals  having  very  prominent  eyes,  with  large  lenses  ra&de 
up  of  numerous  facets,  long  ago  attmch^d  attention,  ita  proving 
tliat  ia  the  most  ancient  seas  the  adfiptation  of  the  eye  to 
light  resumhled  that  now  adopted,  and  indi(.-ating  that  the  rela- 
tion cf  the  sun  to  onr  earth,  and  the  state  of  our  atmosphere 
in  regard  to  light,  cannot  have  greatly  lihanged. 

Whilst  the  mariDe  cruRtaceaus  and  olhed  animals  have 
altered  considerahly,  the  insects,  necessarily  almost  confined 
to  land,  seem  very  similar,  when  we  compare  those  of  the 
coal  measures  and  the  oolites  with  those  of  the  present  day. 
Beetles,  locusts,  dragon  tlies.  acorpiong,  spiders,  liave  been 
met  with,  and  though  not  identical  with  known  species,  they 
are  all  coustnicied  after  the  same  general  )»laii. 

Remains  of  the  shell-bearing  molluscs  have  always  been  the 
most  common  of  all  fossils,  and  afford  the  most  cUaracteristic 
jnarks  for  the  identification  of  strata.  According  to  Professor 
Ov^en,  the  diimtion  of  types  audi  species  &s  a  general  rule  is 
proportioiifll  to  rank  and  intelligence.  Thus,  the  most  highly 
organised  fossils  have  the  smallest  mnge,  and  mark  with 
greatfist  esactitude  the  age  of  the  deposit  from  whence  they 
havH  been  derived.  But  the  evidence  afforded  hy  ahella,  li" 
less  precise,  is  more  easily  and  constantly  obtained^  and  holds 
good  over  larger  tracts  of  country,* 

Of  the  various  testacea,  the  lamp  shells  {BracJuopoda)  ire 
in  old  rockg  the  most  abundant  and  characteristic,  and  have 
BulTered  most  from  lime.  Of  1,300  known  and  described 
Bpecit's,  only  75  are  now  living.  The  extinct  forms  are 
gi'ouped  into  several  genera,  some  of  which  are  chiefly  de- 
veloped in  the  oldest  or  palieozoic  strata^,  while  others  quite 
distinct  are  ujore  modem.  The  living  ehells  of  this  group 
mostly  inhabit  deep  water,  and  rocky  situations  not  very  ac- 
cessible to  the  dredge ;  but  they  dn  not  appf ar  limited  to 
dimabe,  some  inhabiting  the  sea  adjacent  to  our  own  coasts, 
others  still  more  Arctic  waters,  others,  again,  the  seas  of  the 

*  Owen,,  arfte  cit,  p.  4S, 
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warmer  porta  of  tlie  Atlantic,  and  the  rest  the  AntaTctio 
Ocenii.  mid  the  slinreg  of  Australia  and  New  Zealjiud,  Al- 
though so  widely  distributed,  however,  there  are  only  nine 
lifiiig  species  of  the  group  now  referred  to,  although  more 
tiiau  skty  apeciea  are  deaciihed  from  a  aingle  deposit  of  the 
older  secondary  period.  One  species  of  Terebratula  from  iha 
chalk  so  cltisely  resembles  an  existing  epecies  that  it  cannot 
fairly  be  separated  from  it. 

It  is  singular  that  other  groups  of  these  remarltable  animals 
are  almost  equally  aberrant.  Both  recent  and  extinct  forae 
of  RhijnchoncUa,  which  have  no  minute  piercing  of  the  shell 
for  the  paasage  of  tubular  spinea,  and  no  calcareous  skeleton 
of  spiral  form  to  support  their  arms,  have  been  found  all  over 
the  world.  One  of  these  recent  species  la  in  the  Arctic  seaa, 
another  in  New  Zealand,  and  a  third  at  the  Feej^e  Islands, 
while  of  the  S50  estinct  species,  it  wo'tU  be  difficult  la  say 
where  they  may  not  be  looked  for.  Other  forms,  again,  as 
Orihis,  Calceoia,  and  even  Prndiicta,  though  once  extremely 
common  and  highly  characteristic,  are  now,  and  have  lon^ 
heen,  lost.  Crania  and  Lingula,  met  with  in  the  oLlest  fos- 
siliferoLS  rocks,  may  be  said  to  have  remained  almost  un- 
changed in  strata  of  every  period,  the  most  ancient  fossil 
shells  offering  absolutely  no  important  peculiarities  to 
tinfTuish  them  from  their  recent  rtpreaentatives. 

Of  the  bivalve  shells,  nearly  six  thousand  extinct  spec* 
are  named  and  described,  in  addition  to  about  half 
number  of  recent  apecies*  These  forma  of  existence,  how- 
ever, would  seem  tt*  have  been  gradually  iucreasing  in  rehitivo 
importance,  ns  the  whole  number  of  described  species  in  all 
the  Eihiriaii  rocka  is  less  than  100,  while  the  chalk  alone  con- 
tains ytJO,  and  one  part  (the  middle}  of  the  teriiarj-  series, 
ROO.  Of  the  penei'a,  again,  some  have  become  extinct,  somfl 
have  passed  their  mfixiraum,  and  some  are  altogether  modem, 
hat  certain  amongst  them  are  univci-sa!.  Thus  the  oysters, 
left-handed  animals — resting  ahvays  on  the  left  valve,  the 
scallops  {Pevtfs^i)  resliog  on  the  liyht  valve,  and  some  curious 
moditlcationa  of  both  grotips  are  infinitely  comtoou,  both  Jn  a 
fossil  and  recent  state ;  and  the  same  may  be  said  of  the 
Qiussels  and  the  large  group  of  ark-shelk,  which  range  tbrougJi 
rocks  of  all  ages.  The  fresh-water  raussela  {Uiiioiiulie}  are 
widely  distributed  in  fresJi-water  formations,  and  can  liardly 
be  separated  from  existi^vg  ^Quei::^. 
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A  ciuious  group  of  aniinals,  inlialiiting  vei^  tiick  aiid  mas- 
sive shells  like  tbe  receiit  cJimna,  seetos  to  IJave  been  vfidely 
repreaented  by  nunieroua  generic:  and  specific  forma  in  aucient 
seas,  eapeciaUy  those  of  the  lower  chalk  period  (thence  called 
"  hjppurite  limestone  ").  These  are  among  the  most  diver- 
geiit  structurea,  and  admit  of  great  modification  of  form  in  tiie 
fiame  apeciea. 

The  cockles,  universally  dtistributed  now  in  space,  are  al- 
most equally  so  in  geologic  time.  Peculiar  forms  now  limited 
to  certain  districts  are  found  indicated  in  the  fossils  of  the 
same  districts,  but  with  a  wider  range,  and  a  group  of  allied 
shells  {Luvina,  Corbis,  d^c,  yre\[  known  to  collec:tora),  are 
equally  common  in  a  foHsil  and  recent  state. 

The  boring  slieUs  {Phdm  and  Teredo,  the  modem  ship- 
worm},  exercised  their  peculiar  powera  in  ancient  sea^  aB  at 
present,  pieces  of  drift  wood  in  a  fossil  state  being  found  with 
the  fossil  remains  of  the  extinut  boring  ahella  embedded  in 
them.     These  have  not  been  found  in  beds  older  than  the  lias. 

Fossil  univalves  are  spread  quite  as  widely  in  the  rocks  and 
strata  of  varioua  age  aa  the  bivalves  i  but  while  the  extinct 
species  are  about  the  same  in  number  ag  those  of  bivalves 
(B,OU0|,  the  recent  epeeiess  eseeed  8,000-  It  would  appear, 
therefore,  at  first,  that  the  group  of  univalves  wa.-i  of  more 
modern  introduction  and  kter  in  iittaining  its  miiximum. 

The  air-breathing  or  land  animals  provided  with  shells 
(snails.  &c  ),  hgure  so  very  highly  in  the  lists  of  recent  epeciea 
ae  tij  amount  tu  one-half  the  whole  number.  While,  Llierefure, 
the  number  of  extinct  specieg  of  laud  shells  is  cumjijivatively 
small  (only  about  450),  as  must  have  been  the  case  fiom  the 
far  greater  fucility  with  which  the  marine  species  ^vould  be 
obtained  for  accumulation  in  aqueous  deposits,  it  results  that 
the  number  of  extinct  and  recent  species  of  marine  univalves 
is  about  tlie  sume. 

Altlioujih  tlie  univalves,  as  a  group,  are  more  biyhly  orgav 
nised  than  bivalved,  and  ought  therefore  to  be  more  strictly 
determinable,  there  are  great  practical  difGcuUies  in  this  re- 
spect, owiiij^  to  the  alight  relation  between  the  shell  and  the 
animal,  and  the  tendeacy  of  the  BhellH  to  become  thickened 
and  coated  in  various  ways  when  the  condition  of  the  water, 
with  regard  to  transparency  and  quiet,  is  serionslj  altered. 
Thus,  the  shelb  inhabiting  disturbed  WBter  are  generally 
thicker  tlian  those  of  the  game  speciea  in  caim.  NiftX.fti:,  wjiiiL'tos. 
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thickness  is  apt  to  nflect  characteristic  peculiarities  of  stnc- 
lure.     On  the  whole,  however,  the  older  sppuipa  are  found,  on 
close  exHininfltiou,  to  differ  from  ordinary  recent  tjpes,  and 
the  nearest  allied   forms  are  to  be  ibuud  among  the  morei 
minute  atnJ  rare  recent  spet^ies.  ^M 

A  group  of  shells  like  the  Argonaut,  uaprovided  with  woIbH 
OT  air-chambers,  is  found  iti  palfeozoic  rocks,  and  these  pro- 
bably represent  the  Hi'teropoda  now  living.  The  shells,  how- 
ever>  of  the  extinct  epecias  are  far  thicker  and  clumsier.  The 
BtroEnbs  ^^hicb,  io  spite  of  their  mas&iTe  shells.  Eire  among 
the  animals  that  approach  the  delicate  and  fragile  Het«ropoda 
in  Btructure,  extend  only  to  the  oolites,  while  the  whelk  tribe, 
bj  far  the  most  important  of  living  sea  shells,  are  only  repra- 
Bented  in  llie  older  tertiaries.  Conea,  volutea,  and  cowries, 
now  chiefly  toniined  to  warmer  Ts-aters  tlian  those  around  our 
shores,  are  common  smongst  iia  as  cretaceous  and  tertiary 
fosaila,  and  the  same  may  be  said  of  the  Iflrge  gi-oups  in- 
cluditig  the  limpets  (Fatslh),  the  tooth  shell  (Dentntitim), 
the  top  shells  [Titrbo  and  Trachus),  and  the  telescope  shells 
{Terelra). 

But  it  is  chiefly  the  Cephalopoda  whoso  remains  are  charac- 
teristic of  the  Tarioua  deposits,  from  the  most  ancient  down  to 
the  chalk.  Comparatively  rare  now,  at  least  in  our  o-vt^  seas, 
we  find  indications  of  no  less  than  1,400  extinct  gpecies  to 
place  against  the  three  or  four  to  which  the  recent  Uais  are 
limited. 

R  The  Ammonite,  Hamite,  Twrilite,  and  BactiHte,  are  nautili 
^  with  the  shell  straight  or  twisted  more  or  less  completely, 
and  with  the  septum  or  wall  of  separation  between  the  air- 
cbflmbera  making  a  more  or  Ifisa  ^.ig-zag  intersection  with  the 
sheli  These  are  the  forma  found  everywhere  in  secoudary 
rocks.  Ortkoc&rOj  and  otber  straight  and  more  direatly  tiau- 
tiloid  forms,  characterize  the  older  rocka,  and  the  iotenHfr 
diate  Goniatite,  perpetuating  through  life  the  early  develop 
ment  of  the  ammonite,  marks  the  passage  from  one  to  the 

I  other. 
Siphuacles  (the  ttibea  passing  through  the  chambers)  sa 
much  as  6  feet  in  length  and  I J  inch  in  diameter,  mark  the 
gigantic  proportions  to  which  the  orthocems  reached  in  the 
Silurian  limestone  at  the  earliest  stage,  and  huge  fragments  of 
turrilite  from  the  chalk  prove  that  no  degeneration  had  taken 
pMce  in  this  reajiiect  sixet  v!ti&  \j^^9i^  ^i  ^n  Von^  9.  period,  and 
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when  the  reign  of  shelled  cephalopoda  wrs  drawing  to  its 
close.  The  &ecOiidn]ry  rocks  corilfliu  live  hundred  species  of 
■mmaniteg,  aonie  as  large  as  tbo  wheel  of  a  cftrHftge,  and  they 
range  not  only  throughout  Europe,  but  in  many  parts  of  Asia, 
Africa,  and  the  two  Americas. 

Besides  those  provided  with  defensive  anaour,  the  naked 
and  soft  cuttle  fish,  poulpes,  or  calamiuies  seem  to  have  been, 
present  in  incredible  abundance.  Cotnplete  speeimens  hflva 
been  found  not  rfirely  in  some  of  tlie  clays,  while  the  curious 
pen,  tlie  ink-bag,  tiie  hotiij  ckivs,  the  mandibles,  the  mantle, 
and,  in  fact,  the  complete  mummy  of  the  aninml  liave  been  pre- 
serred,  and  are  occasionally  collected.  Amon^  the  most  com- 
mon remains  of  these  animals  is  the  stony  Btiemnite,  a  well 
known  cylindrical  fossil,  having  one  extremity  pointed  and 
slightly  couicaK  and  terminating  upwards  in  an  o^jen  funnel- 
shaped  cavity.  The  whole  of  this  fossil  represents  the  wliite 
cuUle-hone^  often  picked  up  on  oiu-  shores,  which  serves  as  a 
skeleton  for  the  attai-hment  of  the  mnacles  of  the  cuttle 
fish. 

Such,  in  ft  few  ivords,  are  the  fossils  of  the  invertehtate 
classes,  as  at  present  known.  Tho&e  of  the  vertebrata  we 
must  next  eonsiderf  but  h^^fore  concluding  this  brief  outline 
concerning  the  animals  of  lower  and  leas  complex  organisation, 
we  quote  a  Eigniiicant  remark  by  Professor  Owen,  that  "  every 
type  of  invertebrated  animal  is  represented  iu  the  stratified 
deposits  called  Cambrian  and  Lower  Silurian,''*^ in  other 
words,  iu  the  oldest  of  all  those  roc^  iu  which  or^uic  reamina 
hare  hitherto  been  found. 

It  is  not  to  be  denied  that  this  fact  of  the  almost  univerfiai 
distribution  of  invertebrate  types  throughout  the  oldest  rocks, 
and  the  absence  of  any  fossils  in  tho  large  group  of  little  al- 
tered sedimentary  deposits  occasionally  found  beneath  them, 
offers  grave  objections  to  Mr.  Darwin's  view  of  the  case-  Ho 
is,  however,  aware  of  the  difficulty,  for  we  find  him  remarking 
that  if  his  theory  be  tmej  "  it  ia  iudisputablu  that  before  the 
lowest  Silurian  stratum  was  deijosiled,  long  periods  elapsed, — ' 
BA  long  as,  or  probably  far  longer  than  the  whole  period  from 
the  ailurian  age  to  the  present  day ;  end  that  duri^ng  these 
vast,  yet  quite  unknown  periods  of  time,  the  world  swarmed 
flJrith  living  creaturee." 

•  Owea'fl  PflkEOiitolO'gy,p.^. 


He  then  proceeds  to  remark;' — "To  tlie  question -vrhy  we 
■do  uot  find  records  of  these  vast  priniordinl  perinds  J  can  gi^e 
Kti  satiafactoiy  answer.  .  ,  .  .  The  ditficuky  of  unJeretauding 
the  ahsence  of  vast  piles  of  fosBiliferoDS  strata,  which  in  my 
theory  no  doubt  were  sommvhere  accumulated  before  ihe  sib- 
rian  epoch,  ia  xevy  great.  If  these  njost  aDcimit  beds  had 
been  wboliy  woru  away  by  denudation,  or  obliterated  b}'  meta- 
TDorphic  action,  we  ought  to  find  only  amuM  remnuiita  of  tbe 
fonnatioDB  next  succeeding  them  in  age*  and  these  ought  to  ba 
vei'j  generally  in  a  metauiorphoaed  uoudkion.  Bui  the  des- 
cripttons  we  now  possess  of  the  ailuriaa  deposits  over  immerse 
territories  in  RussiA  and  in  North  Atuerica,  do  uot  support 
the  view  that  the  older  a  formation  is,  the  more  it  has  sufferei 
the  extremity  of  denudation  and  mttamorphosis.  " 

Mr.  Darwin  states  his  belief  that,  after  all,  the  itn perfection 
of  the  geologic  record  is  the  real  cause  of  the  existence  of  this 
apparently  grave  objection ;  he  regards  thia  record  "  as  a  his- 
tory of  the  world  iraparfectly  kept,  and  written  in  a  cbangirg 
dialect  J  and  of  this  history  we  possess  the  last  volume  only, 
relating  to  two  or  three  countries.  Of  this  To!umo  but  here 
and  there  a  short  cliapter  has  been  preserved,  and  of  each  page 
only  here  and  there  a  few  lines.     Each  word  of  the  slowly 

■  changing  liinguage,  in  which  the  hiscory  is  supposed  t<*  i>^H 
written,  being  more  or  lees  different  in  tiie  interrupted  sudH 
cession  of  chapters,  may  represent  the  apparently  ahrupdj'^^ 
changed  forms  of  life  eotomhed  in  our  consecutive  but  wide!; 

K   sepai-ated  formations."  ^M 

f  But  while  tbe  remains  of  invertebrata  are  ahnndant  azn^| 
disthict,  even  in  the  oldest  rocks,  it  is  etiU  a  matter  of  discus- 
sion whether  fragments  of  fishes  were  or  were  not  always  asso- 
ciated with  therii.  We  know,  indeed,  that  the  teeih  of  some 
species  of  fishes  occur  in  the  rocks  of  the  later  ailurian  period, 
and  prove  the  existence  at  that  time  of  true  vertebrate  animals. 
These  have  been  found  in  a  well-known  deposit  near  Ludluw. 
One  of  them  belonged  to  a  kiud  of  dog-fish  or  small  bhark, 
and  the  other  to  a  representative  of  a  singular  group  of  ancient 
fishes,  provided  with  enamelled,  bony  plates,  locked  together, 
imd  oecupyiug  the  place  of  ordinary  scales,  which  overlap  each 
other.     There  is  nothiug  whatever  iu  tbe  structure  of  these 

K  fishes  to  intimate  that  they  were  the  earliest  forms  introduced 

^kon  the  earth. 
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Qcltes  in  length,  and  are  found  wuli  petrifiotl  portions  of  the 
skin,  which  are  tuharcular  an<l  prickly,  like  shagreen,  midalBO 
with  the  rejectameutH.  [cfiprolilt;?!]  of  tishea,  containing  undi- 
gested poctions  of  fijotlf  ind  tiding  recognisubie  parts  of  the 
small  mollascs  ftnd  ciinoide  which  inhabited  iho  eea-bottoni  in 
company  v\-i[.h  the  fish.  Onher  reinnins,  resembling  JQ'n'3  with 
teeth,  are  still  considered  doubtful,  and  the  combinntion  of 
jaws  and  teeth  of  the  kind  they  resemble,  with  the  spines  and 
shagreen  of  the  dog-fish,  would  be  a  combiuation  of  characters 
not  elsewhere  known. 

The  apparent  commencement  or  orlginfd  introdnctioti  of  any 
form  of  life  is  and  must  always  be  a  matter  of  extreme  interest 
to  the  naturalist;  aud  we  are  tempted  to  inquire  whether  the 
necrative  evideuat!  conoenuDg  the  abaenee  of  fossil  fishes  in  the 
oldest  deposits  is  sufficiently  based  on  lai*ge  observation  to 
justify  us  iu  Eiaaertitig  tlut  tijey  first  appeared  in  later  forma- 
tions. The  argument  in  favour  of  this  conclusion  is  thus 
stated  by  Piolbsso'r  Owen: — "No  detaclied  teeth,  unequivo- 
eally  referable  to  a  plagiostomous  genua,  nor  any  true  ganoid 
scalets  of  a  fish  have  yet  been  found  Jn  the  formations  that  have 
revealed  these  earliest  known  evidences  of  vertybrate  animals. 
"What,  then,  it  may  be  asked,  were  the  conditions  uuder  which 
so  imraense  au  extent,  as  well  as  amount,  of  sediment  was  de- 
posited—uicUi  ding  chambered  rephalopoda,  gasteropoda,  la- 
mellibrancha,  brachiupods,  vaiioiis  and  large  trilobitiu  crusta- 
ceans, with  crinoiJs,  polyps,  and  protozoa — that  precluded  tlie 
preser^'atioiL  of  the  fossilizable  parts  of  fishes,  if  that  ijlass  of 
vertebrate  tiuimala  had  esiijted  in  numbers,  and  under  the 
variety  of  forms,  comparable  to  those  that  people  the  ocean  at 
the  present  djiy?  Booitoa  now  punsue  flying  fishes  through 
the  upper  regions  of  an  ocean  as  deep  as  any  known  purt  of  tho 
Silurian  seas,  of  which  tha  de[iosits  alTi)rd  an  idea  of  greatest 
depth.  If  tiisheii  of  cognate  habits  with  tho  present  deep  eea 
j&shes,  under  whatever  diffarence  of  form  such  Bilurian  fishes 
may  have  botn  manifested,  had  really  existed,  we  might 
reasonably  expect  to  tind  the  remains  of  .'^ionae  of  the  countlctss 
generations  that  succeeded  each  oth^r  during  that  vast  and  in- 
definite  period  eufficing  for  the  gradual  deposition  of  sedimen- 
tary beds  of  ihouaands  of  feet  in  depth  or  vertical  thickness. 
Thti  best  reply  we  cim  give  to  tliis  argument  is  a  simple  statement 
of  the  fact,  that  where  we  know  that  the  upper  water  abounds 
with  varioiu  forms  of  animal  life,  slill,  lu  0,11  \Ufi  \£ka.\£'6ak  -aa 
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yet  qLtiiued  aT^d  examined  from  ft  deep-sea  bottom,  hardly  & 
sivgli;  iiiatfliice  has  occurred  in  whicli  any  fragment  of  a  highly 
organised  animal  appears.  All  is  organic ;  but  aJl  belongs  t& 
the  riimiileat  forms  uf  orgauic  existence." 

The  gruup  of  plagiobtoiaous  tish^B  to  Trhich  the  species  abore 
alluded  to  belongs  is  one  of  coDBiderable  interest,  both  f&r  its 
Itving  and  esuuct  repifesentative&.  Itiocludes  the  sharks  acJ 
ray«,  two  distinct  but  allied  natural  groupa.  The  former  are 
remarkable  for  fins  provided  ■with  hard,  defensive  spines,  ihe 
action  of  ivhich  ia  connected  with  the  use  of  the  fin,  beiog  lifted 
up  or  lowered  during  tlie  peculiar  rotary  motion  of  the  body  of 
all  th$  ghark  tribe,  and  ali^o  serving  as  a  weapou.  Iti  the  case 
before  us,  the  spine,  two  inches  long,  which  must  have 
belonged  to  a  dog-tish  of  moderato  size,  iudicateSi  at  the  game 
time,  the  existence  of  another  larger  fish,  the  natural  enemy  of 
this,  xind  again&t  whoae  attacks  the  weapon  was  provided.  No 
remains  of  such  larger  animal  have  yet  been  found. 

Spines  of  sharks  and  rays  are  found  in  rocks  of  Tarioas  ages. 
Tbey  are  generally  grooved  and  often  toothed  in  the  older 
ffock^.  Thib  denticuifttion  is  eometimea  seen  on  both  sides  of 
the  spine,  a  structure  not  now  met  with,  except  in  one  family 
of  raya.  bo  that  it  is  possible  that  Bling-mys,  as  well  as  sharks, 
abounded  in  aeoi  of  the  carboniferous  period.  The  dimensiong 
of  the  spines  increases  in  tiie  secondai-y  rocks,  and  in  the  lias 
tbej  have  been  found  very  Iwge.  They  are  throoghout  abun- 
dtmt  fossils. 

Witli  such  spices  have  been  found  the  peculiar  teeth  belong- 
ing to  a  family  of  sharks  now  only  met  with  on  tlie  coast  of 
Australia  and  China,  and  known  as  the  Fort  Jackson  sharks 
[Centmcionts). 

There  are  now  only  two  or  three  species  of  these  animals, 
and  the  group  seems  approfli-hiug  exunction-  It  formerly 
flourished  under  a  great  variety  of  I'ormy,  represented  by 
species  some  of  tthich  attained  dimensions  Cir  exceediug  the 
hirgeat  kuown  living  cestracionts. 

The  teeth  of  these  animala  is  peculiar,  and  especijtlly 
adapted  to  the  taking  and  masticating  crustaceans  and  shell 
auimals.  The  animals  are  of  a  hai-mless,  timid  character,  and 
use  tbeir  peculiar  spines  for  defensive  purposes  only,  Thu 
whole  of  the  iiiaide  of  the  mouth  and  p>alate  are  completely 
paved  with  flat,  crushing  teeth,  diminialung  gradually  in  size 
«6  thej  pass  back  to  the  thsQat,.    This  beautiful  teeselation 
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qnite  unrivalled  in  fiahea  or  any  other  animals,  although  the 
general  contrivance  is  repeated  mth  varioua  raodificationg  ia 
the  hard-boned  fiahea.  It  indicatea  a.  diet  of  lower  organised 
floitnala  than  tliose  on  wiiich  the  true  shark  preys,  and  a  cot- 
respouding  difference  of  character  and  diaiioailiun.  It  need 
uot  be  pointed  out  tiiat  fuod,  eooaiating  ctuefly  of  the  lower 
forms  of  animal  life,  or  esdusively  of  vegetation,  dtjes  not  in- 
volve a  lower  or  lesa  complex  structure  than  mortis  uitrogeaised 
food. 

After  the  death  of  an  animal  the  teeth  become  detached 
and  are  readily  dispersed,  and  very  numerous  varieties  of 
form,  no  doubt  lielouging  to  many  species,  are  met  vrith  in 
almost  all  rocks,  from  those  of  the  Devonian  period  to  the  pre- 
sent dfty.  In  many  caaea  the  form  is  such  that  its  relation  to 
fishes  ia  not  rendily  seen,  and  fossils  of  this  kind  are  sometimfiB 
called  petrified  leech^^a  or  worms,  or  are  knomi  by  other  local 
uftmcs.  The  carbouiferous  limestone,  the  lias,  and  the  chalk, 
have  each  yielded  a  great  variety  of  carious  fonus. 

Teeth  of  true  sharks  have  not  been  found  yet  in  rocks  more 
ancient  than  the  oolites,  hut  are  common  there,  and,  much 
more  so  in  newer  rocks.  Some  of  them  indicate  animals  of 
the  largest  size  and  most  predatory  habits,  resembling  both  tlie 
blue  and  white  shark  of  existing  seas.  The  tooth  of  a  modem 
shark  two  and  a  qmirter  inches  long  corresponds  to  an  animal 
measuring  twenty  feet  in  length ;  but  from  the  middle  tertiary 
beds  of  ilalta  specimens  of  teeth  have  been  obtained  more 
than  double  the  diroeuaions  mentioned,  and  therefore  belonging 
to  on  atiimal  perhaps  sixty  feet  long.  Teeth  of  a  specxen) 
very  nearly  allied*  and  of  the  same  gen^^^  have  been  ibumi  in 
the  red  crag  of  SutTolk,  considerably  laiger  even  than  this. 

Spines,  skijvplatea,  and  teeth  of  more  than  one  of  the 
cliaracteristio  forma  of  rays  have  beeu  found  fossil  in  every 
marine  deposit  from  the  Silurian  to  the  most  recent  period ; 
but  all  belong  to  extinct  spciiies.  They  represent  animals  of 
various  proportionSf  but,  for  the  most  part,  uot  large  as  com- 
pared with  the  sharks.  The  peculiarly  tlat  pavetti<2Ut  of  teeth 
of  these  animals  readily  attracts  attention,  and  is  not,  at  first 
eight,  recognised  :  but  the  extinct  do  uot  dificr  essentially 
from  the  recent  forms  in  tliis  respect. 

Another  uearly  eitiuct  natural  order  of  fisbea  is  abundant 
tti  a  fossil  state.  A  curious  hsh,  known  in  the  northern  sea» 
aa  the  *'king  of  the  herrings,"  belongs  to  Vlaa  ^iflA'c.   \\.\s. 
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representeil  by  two  species  in  Chinese  and  Ausfralian  latere, 
but  is  othenvise  unknown. 

Be«lt  shaped  jaws  and  mandibles,  and  curious  apinsB  of 
allied  Bpeciesj  ore  cf>mmf>n  in  some  of  the  older  rocks,  and  are 
the  principal  remains  of  such  aniniBls  preservedj  inasmueh  as 
Iheir  bom'S  are  cartilaginoufi.  OccQsionBlly,  however,  in  an- 
dent  times,  the  soft  skeleton  of  these  fishes  was  ahundautlr 
strengthened  hy  an  external  casing  coated  ivith  the  hani^&i 
enamel  imd  foniied  of  plates  of  various  shapes,  clostly  locking 
into  each  other.  Such  boxes  of  bone  plated  with  cuomel  have 
prfserved  the  form  of  some  curious  inhabitiints  of  the  primeval 
Beas. 

One  of  the  most  singidar  of  the  fishes  of  this  kind  is  the 
wing  fish  iPterichlhfs),  long  ago  picturesquely  describ&d  by 
Huyh  LliJler.  Of  all  the  organisms  of  the  old  red  saad-stoae. 
one  of  the  most  extraordinary  is  this  winged  fish,  iiud  certairdy 
it  is  difficult  to  imngine  an  animal  whose  remdiis  are  more 
calculated  to  excite  astonishment. 

In  this  creature  the  head  and  half  the  hodj  were  ifefended 
fcj  interlocking  plat^^s  of  hard  bone,  coated  with  enamel.  The 
plates  coveiiJig  ihe  b^eed  correspond  in  some  measure  with  the 
craiiiftl  Ijoues  of  fisbeSj  hut  not  ej;actly.  The  rest  of  the  body 
not  covered  with  plutfis  was  defended  by  flmall  scales,  ilexible 
like  )5eale  armour.  The  helmet  or  coating  of  thy  head  was 
articulated  to  the  body,  admitting  of  a  certain  ftmoimt  of 
motion— a  rare  peculiarity  iu  fishes — ^and  there  were  two  long 
and  blender  spines  proceeding  from  between  the  head  and  neck, 
also  coated  with  enamel  plates. 

It  ia  suppused  that  these  spines  may  have  served  to  aid  the 
lieh  in  shuffling  along  the  &andy  bottom  or  bed  of  the  sea  if  hit 
dry  at  low  \y.iter.  There  were  small  fins  attached  to  the  iJes- 
ible  part,  which  indicate  a  certain  though  sm^dl  power  of  swim- 
ming. In  a  closely  allied  animal  (Cephahi,'!pis)  larjjer  fins 
have  beenobijeiTed.  and  a  well-marked  cspanle  of  the  eye-ball; 
tmd  in  another  {Cnccoktens),  the  pectoral  fine  are  absent,  and 
the  helmet  is  united  to  the  cuirass. 

Strange  as  seem  the  forms  and  structure  of  these  fishes  of 
the  "  Old  Red"'  period  there  are  not  wanting  exigttag  species 
to  throw  light  upon  them.  The  *'  trunk-flahea,"  for  example^ 
though  small,  exhibit  the  pecuJiarity  of  possessing  a  kind  of 
cuirasa  composed  of  articulated  plates,  having  tubai'tJes  oa  the 
external  surface  fToloniTjBd.  intG  seines,  whUe  the  caudal  ex- 
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tremity  protrudes  undefended  from  the  back  part  of  tbe  cuii*ass. 
Another  existing  family^  ttio  '■  Siluroiih,"  havo  i\\^  b&ad  de- 
fended hj  a  kind  of  buckler^  irhile  the  body  and  tail  ore  un- 
defended. 

It  seemg.  probable  that  the  cftronses  of  tlie  fiahes  whose 
skeletons  are  so  commori  in  these  indent  beds  were  entoinhed 
in  the  mud  which  now  contains  the  bones,  the  Band  immedi- 
ately around  tbe  S[jei::iraens  being  generally  bituininiaed  and 
exceedingly  hard.  The  Hagstouaa  of  CaithnesSj  useful  for 
vaHouB  practical  purposes,  owe  their  peculiar  qualities  of 
domity,  teDHcity,  and  durability  to  the  dead  fishes  that  rotted 
in  their  primitive  constituent  mud. 

Another  remarkable  group  of  fisheg,  having  large  rhombic 
scales  like  those  of  great  reptiles,  and  belonging  to  animals 
attaining  gigantic  proportions,  is  charatiteristic  of  the  coal 
measures,  and  has  very  near  representatives  in  the  newer  beds. 
In  one  of  these  {Meijalickthys)  the  head  was  defended  by 
strong,  bony  plates,  coated  with  enameU  of  a  beautiful  polish, 
but  not  biterlocking-  In  these,  as  in  all  the  fishes  from  old 
rocks,  the  vertebral  column  is  invariably  continued  beyond  the 
body,  to  form  an  un symmetrical  tail-fin,  a  jiecuUaritynow  con- 
fined to  a  comparatively  small  number  of  existing  fiah  in  a 
grown  state,  although  sUll  observable  in  the  youjig  and  rudi- 
mentary skeleton^ 

A  singular  group  of  fishes  (Lep'tdotm),  adapted  by  their 
pavement  of  erushino  teath  to  feed  oa  small  testaceous  and 
crustaceoua  animals,  and  resembling  in  form  some  of  our  flat 
fish,  belonged  to  tlie  same  natural  didaion  aa  the  fishes  we 
have  just  be&n  describing,  and  are  chiefly  found  in  secondary 
rocks.  Like  them,  their  scales  were  coated  with  enamel,  and 
the  tail  was  generally  unsymmetricali  and  directly  attached  to 
a  continuation  of  tho  back  boniS.  In  soma  of  these  the 
sealci?  have  a  thick,  bony  rib,  spliced  off  at  the  e.x.tremity  for 
attachment  t^  the  next  adjoining  scale ;  and  these  sphcoa  are 
BO  closely  adjusted  as  to  be  invisible  without  a  magnifying 
power.  There  ore  other  curious  modifications  of  structure  es- 
hibited  by  these  animals. 

The  Bturgeon  is  the  best,  or  at  least  the  beat  known  existing 

figh  of  the  so-called  fjajmid  order ;  a  name  given  to  this  group 

owing  to  the  peculiarity  of  the  scale,  which  is  bony  and  coated 

with  enamel.     Almost  all  the  ancient  fishes,  except  the  sharks 

L^.and  rajs,  ai-e  of  tiiis  kind. 
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lu  the  lias  is  a  speties  of  sturgeon,  to  some  extent  transi- 
tional ;  its  food,  however,  though  aimilar  to  that  of  the  existing 
members  of  its  family,  was  a^ijmrently  procured  in  a  tranquil 
sea  rather  ihau  in  suoh  tumultuous  waters  as  ore  frequeuteJ 
by  the  aturgeons  at  preKent. 

We  have  no  space  to  dwell  on  the  numerous  gradiffil  approii- 
matioBS  to  existing  forms  exhibited  by  the  fisbes  of  BBCcessiw 
periods.  Among  the  moat  singular  aod  interesting  ramaius, 
however,  we  may  mention  the  "  sword"  or  defensive  weapon, 
more  then  afout  in  length,  of  a  kind  of  R-word-fish,  found  intlie 
tertiary  clay  of  Sheppey  and  Brackleslmm,  and  species  of  tur- 
bot  and  aole  are  found  in  the  tertiary  deposits  of  Monte  Bolca. 
In  other  tertiarj-  formations  are  found  fossil  cod,  mullet,  cerp, 
salmon  and  herring,  many  of  theraso  closely  related  to  esistiug 
speci'^s  as  to  be  with  difficulty  distinguished  from  them. 

The  conclusions  of  Professor  Owen  with  regard  to  fossil 
fialiea  are  uol  without  interest  in  reference  to  the  subjett  of 
species  genemlly.  He  coDsiders  that  a  retrospect  of  their  his- 
iory  imparts  an  id^a  uf  modification  raiher  than  development; 
and  although  the  present  appears  to  be  the  culminating  peiiod 
in  iljeir development,  it  represents  "rather  a  period  of  inuta- 
tion  of  the  piscine  elmmcter  depending  upon  the  progressive 
assumption  of  a  more  special  pi&ciue  type,  and  prt^ressive  de- 
paiture  from  a  more  general  vertebrate  type."  He  considers. 
in  opposition  to  a  view  once  held,  that  "  a  higher  character  of 
organisation  may  be  predicated  of  the  palieozolc  placoida  and 
gtiuoida,  than  of  the  ctenoids  and  cycloids  forming  the  great 
Vmlk  of  the  claas  at  the  present  day."  He  also  says  that  "  the 
;!omparfltive  anatomist  dissecting  a  shark  or  other  fish  of  the 
imcient  type  would  point  to  various  structures  as  being  of  ft 
higher  or  more  reptihan  cbaracter  than  the  corrssponding 
parts  would  present  in  most  other  animals,  while  the  p^eaa> 
tologist  would  discover  evidence  of  an  arrest  of  development  or 
a  retention  of  embryonic  characters  in  the  primeval  fishes/' 

No  douht,  in  many  resf>ects,  fisheg  are  the  most  useful  to  the 
f^eologist  of  all  animals  whose  remaina  are  abundant  in  a  fossil 
state,  for  by  their  aid  we  compare  ancient  and  modem  forms : 
and  the  conclusions  from,  such  compiirison,  when  honestly  saJ 
carefully  made,  cannot  fail  to  be  of  great  value.  In  this  res- 
pect the  general  absence  of  true  development,  by  which  is 
meant  the  gradual  advance  from  a  lower  or  simpler  to  a  higher 
or  more  comjlet  aUiictui-e,  is  a  fact  well  worthy  careful  ponsi' 
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deration.  It  appears  to  us,  however,  that  this  is  in  all  re- 
spects consistent  with  an  adoption  of  Mr.  Darwin's  view  of 
adaptation,  hj  a  natural  method,  to  exiatiag  ciicurasCanceB, 
since  this  method  ins^alves  no  oe^t^sgarj  advance  in  all  the 
species  of  a  group,  though  one  or  more  spe^^ie9  may  pass  from 
out  of  the  group  tind  form  the  commencement  of  a  large  series 
of  animala  of  greatly  icereased  development. 

There  is  a  very  curious  department  of  palEBontology,  which 
it  seems  couveiiiettt  to  take  into  consideration  at  thia  stage  of 
the  gubject,  inaamuch  aa  most  of  the  remains  now  to  he  des- 
cribed are  these  of  animals  more  or  leas-  terrestrial.  This  de- 
partment is  called  khnology,  and  is  intruded  to  InclmSe  a 
group  of  fossils,  m  which  there  is  indeed  no  organic  matter 
present,  but  where  there  are  indications  not  one  whit  less 
certain  of  former  organic  existence. 

The  evidences  of  ancient  life  to  which  we  now  allude,  are, 
perhaps,  be&t  illustmteii  hy  what  are  called  "fossil  footsteps;" 
since  under  this  name  maj'kings  in  sandstone  have  been  known 
for  many  yeara,  many  of  wluch  have  genertdly  been  referred 
to  reptilian  animals. 

Wherever  indeed  animals  have  lived,  or  physical  forces  of 
any  kind  have  acted  ;  at  all  times,  therefore,  and  in  all  places, 
from  the  commencement  of  the  eartli'a  existence  as  a  planet  to 
the  present  day^  remains  may  he  looked  for  lliat  belong  to  the 
present  group.  Let  us  consider  for  a  few  momenta  what  such 
indications  are,  and  how  tbey  have  been  preserved. 

A  film  of  clay  resisting  the  escape  of  a  bubble  of  gas  may 
retain  the  circular  trace  left  by  the  collapse  of  the  bubble  ;  a 
flash  of  lightning  may  record  its  path  through  soft  sand  by 
melting  it  into  glass  during  its  swift  transit  in  search  of  moist 
earth;  a  small  wave — a  rain-di-op — a  hailstone — the  breath  of 
a  wind  as  it  heaps  loo^e  sand  hito  ripples — the  euddcn  elfect 
of  frost  during  a  clear,  calm  night — the  crack  produced  by  thn 
heat  of  the  sun  on  a  hot  day — die  little  heap  of  mud  left  by  a 
worm  as  it  came  lo  the  surface  or  crawled  along  it ;  any  or  all 
of  these  may  be  preserved  permanently — may  become  an  inte- 
gral part  of  a  sandstone,  a  clay,  or  a  limestone  bed  then  form- 
ing, and,  like  the  photograph,  may  fix.  for  ever  au  esacC  image 
of  the  moat  transitory  occurrenca  in  nature. 

But  not  only  may  we  have  uidioations  of  inorganic  nature  ; 
sea-weeds,  including  those  kiods  tliat  decay  very  rapidly — suft- 
bodied  ajjimaJs,  such  as  the  sea  anemoue  or  the  mei'oa.'jw— -tSiSx 
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parts  of  the  animals  of  "which,  we  also  hav^  the  sfeeletotis— 
all  these  ninj  be  preseiTed  ;  miA^  besides  theae,  are  the  im- 
pressions made  by  vnrioua  animale  when,  jngving  across  sanda 
or  mud  when  the  surface  passed  over  was  favourably  circam- 
eWnced  for  rataudng  the  iraprint. 

There  are  many  ways  by  which  such  imppeflaiona  may  bo 
preserved.  Where  the  tidal  wave,  entering  deeply  embayed 
coasts  or  funDel-abapcd  inlets,  hecomea  so  multiplied  as  to 
rise  to  a  great  height  at  each  saccessive  time  of  high  watCT, 
there  will  getierelly  be  a  great  moving  about  of  atiininla  during 
the  intervala ;  ami  between  each  two  successive  spring  tides 
there  will  be  a  long  int^^^val,  dnring  which  large  tracts  may 
remain  uncovered.  If  the  surface  consiats  partly  of  toicaceona 
mud  and  pai-tly  of  paud,  and  the  weather  is  line,  witb  occa- 
sional hot  aun,  ibe  marks  made  immediately  after  each  tidal 
wave  has  left,  may  be  so  fut  baked  and  indurated  during  tha 
interval  thtit  occurs  before  the  water  coverB  it  again,  that  the 
retuming  Avave  will  only  dBj}Osit  a  second  stratum  of  mud) 
which  will  occupy  all  the  hollows,  markings,  and  irregularities 
formerly  produced  with  soft  matter  capable  of  receiving  another 
set  of  similar  markings,  to  he  in  its  turn  hardened,  indurated* 
and  perpetuated.  In  after  times,  this  rock  will  split  icr  the 
planes  of  deposit,  and  the  mai'kj  whatever  it  is,  \viil  be  re^ 
Tcalc'd. 

In  many  ways,  thin  Uyers  of  mud  deposited  on  sands  retain 
permanently  the  footprints  of  birds  or  reptilea,  or  other  animala 
that  wander  over  the  saud  in  search  of  food,  and  follow  *  re- 
ceding tide.  Sometimes,  layers  of  fine  clay  deposited  between 
beds  of  sand^  now  converted  into  sandstone,  present  the  most 
minute  representations  of  the  marks  impressed  upon  them ;  and 
Qt  other  times,  tlouds  of  fine  dry  sand  blo'ivii  by  the  wind  ha^e 
hlled  up  all  the  iueqnaliLies  of  surface  made  on  the  moistened 
fihore,  and  are  themselves  moistened  ^I'hen  the  water  returns. 

In  the  oldest  rocks,  rain  drops,  ripple  marks,  the  borings 
of  wonns,  and  the  scratchings  attributed  to  aniall  crustaceans 
or  fisbesj  attest  the  existence  of  animal  hfe  even  where  all 
remiiins  of  such  animals  are  absent.  But  it  is  by  no  means 
easy  to  determine  the  nature  of  the  animal  from  indications  of 
this  kind,  and  the  earliest  markings  are  also  amougat  those 
most  obscure.  The  earliest  of  all  are  thought  to  have  been 
made  by  a  large  crustaeean,  perhaps  a  kind  of  trilobite,  bnl 
they  do  not  ebow  that  side-long  motion  whiuh  eharacteiiaes  the 
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ftb.  "  The  imagitiBtion  is  baffled  in  the  attempt  to  realise 
tlie  extent  of  time  jiaat  fiince  the  period  when  the  creatures 
were  in  being  that  moved  upon  the  sandy  shores  of  that  most 
ancient  eilurian  sea :  and  we  kuovv  that,  with  the  exception 
of  certain  microscopic  forms  of  life,  all  the  actual  Bpecies  of 
animala  came  into  lieing  at  a.  period  geologically  veij  recent 
in  comparison  with  the  silarian  epoch  J' 

Belonging  to  a  remarltable  genus  of  extinct  reptiles,  which 
is  called  Labyrinihodon,  owing  to  the  complicated  appearance 
of  a  section  of  the  tooth,  we  find  numerous  remains  in  the 
coal  taeasures  of  America  and  in  the  new  red  sandstone  in 
ffiaoy  parts  of  the  world.  Some  of  these  would  seem  to  have 
belonged  to  animals  of  large  size  and  peculiar  arrangement  of 
the  organs  of  locomotion,  aad  they  have  heen  considered  to 
form  a  natural  order  nearly  allied  to  the  batrachians.  The 
head  of  these  animals  vfas  very  wide,  and  defemied  by  a  kind 
of  helmet  of  extern  ally- a  culptured  hard  and  polished  bones  ; 
the  teeth  were  large  and  complex,  and  the  genei"al  form  must 
have  been  something  between  that  of  the  toad  and  ibe  laud 
sdlamander. 

No  less  than  five  well-marked  species  of  these  remarkable 
animals  have  lieen  determiuGd  from  British  specimens  found 
in  the  new  red  sandstone,  and  many  others  are  known  from 
oontinental  (Europeau)  deposits  of  the  same  age.  They  vary 
in  size  and  in  proportions,  and  exhibit  in  some  cases  strildng 
peculiarities  of  structure.  The  hones  found  are  chiefly  those 
of  the  skull,  which  show  ft  marked  approach  to  the  crocodilian 
type,  tbnuglii  with  mydifiijfltiona  coouettiog  them  with  the 
frogs.  The  few  bones  of  Hie  extremities  that  have  been  exa- 
mined point,  however,  in  the  other  (batrachian)  direction, 
though  not  exclusively.  The  proportions  are  very  peculiar,  as 
in  the  case  of  one  group  of  specimens,  consisting  of  two  fmg- 
tnents  of  a  skull  and  portions  of  the  lower  jawSj  Vinth  bones  of 
the  leg,  the  bones  of  the  head  correspond  with  those  of  a 
crocodile  six  or  seven  feet  in  length,  and  those  of  the  hinder 
extremiiica  with  crocodiles  twouty'fivo  feet  in  leugthj  showing 
a  singulaj  diisfpropoi'tLon  compared  with  existing  saurian^,  but 
an  approximate  magnitude  compared  with  tailless  batmcbians. 
The  footpriots  in  the  new  red  sandstone  fully  justify  thu 
conclusion  that  an  animal  of  this  anomaloiia  character  really 
lived  during  the  period  of  that  deposit.  Some  of  the  footprints, 
indeed  (originally  named  Cheirolherium^  omugto  the  ^tM.^v4x 
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hand-shape il  fippearauco  of  the  impression),  would  aeem  to  tiaw 
htieii  Piade  by  a-iiiuials  Tsry  much  larger  than  just  descriljed, 
though  of  similar  jiroporticms,  the  hinder  extremilieB  being 
esceedinfily  larger  iu  all  respects  than  the  fore  legs  and  feet. 

An  important  conclubion  is  drawn  from  the  careful  considera- 
tion of  these  curioiia  remains.  It,  is,  that  the  supposed  cbsa^ 
distinction  between  fishes  and  fepdles  is  ai'tificial,  and  ihai 
all  the  cold-blooded  vert^hrntiL  form  one  unbroken  progressiva 
Beries-  Many  of  the  earliest  reptiles,  known  to  ua  only  hf 
fossils,  ftnd  many  of  the  earUer  fishes  aJso  eitinct,  are  con- 
nected together  by  intermediate  gradations,  which  are  so  com- 
plete as  to  render  it  impossible  in  some  cases  to  determine 
whether  the  fish  or  the  reptile  is  more  nearly  approached. 

Passing  oa  another  step,  we  come  to  the  very  interesling 
group  of  large-finned  reptdea^  which,  in  some  respeota  carries 
us  forwards  to  the  warm-bloo'ded  cetaceans,  and  in  others 
backwards  to  the  fishes.  Characteristic  eminently  of  the  great 
secondary  period^  these  animals  attained  proportions  so  giganuc, 
and  adapted  themselvea  so  completely  to  jierform  the  part  of 
the  whalen  and  other  tet^cea;  nho  have  succeeded  them,  that 
they  have  always  been  re^garded  as  affording  strong  support  to 
the  idea  of  a  giudnfti  development  of  structure  from  a  lower  to 
a  higher  type.  They  have  been  long  familiar,  although  known 
only  by  their  remains  in  a  fossil  state.  These  are,  howerer, 
so  perfect  as  to  include  even  the  skin,  the  contents  of  tba 
Btomauh,  and  the  structure  of  the  caudal  fin,  a  soft  and  easily- 
decompoaod  appendage,  whose  existence  and  structure  are 
recognised  from  the  position  of  the  vertehral  toJumn  in  the 
skeleton.  In  many  respects,  these  are  among  the  most  inte- 
resting and  instructive  of  all  the  extinct  reptiles.  They  are 
now  grouped  into  two  orders,  the  first  of  which  Mntains  only 
the  Ichthifomttrus  or  fish  Hzard,  an  animal  well  known  bj" 
popular  descriptions,  frequently  repeated  and  gradually  per- 
fected as  the  specimens  of  these  curious  animals  have  been 
multiplied. 

E^ew  things  in  natural  history  are  more  striking  than  the 
minute  details  we  possess  of  the  habits  and  i>eculiaritie9  of 
this  animal.  Its  tail  alone  indicates  the  combination  of  beast- 
like,  lizard-iike,  and  fishdike  characters  possessed  by  it ;  and 
almost  every  other  bone  marks  the  same  fact.  The  akull,  in- 
deed, affords,  in  its  minute  anatomy,  almost  all  that  could  be 
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required;    and  if  only  a  few  vertebi^  had  remamed,  there 
would  still  have  been  little  doubt  as  to  most  essential  points. 

A  considarable  variety  of  marine  reptiles,  more  or  less  widely 
departing  from  the  fish  type  and  approaching  that  of  the  cro- 
codiles and  lizorda,  aro  distributed  througboiit  the  whole  of  the 
rocks  of  the  eeccndury  period.  la  the  oldest  of  these  rocks 
(the  triftssic  rocks  of  geologiata)  are  some  combimng  peculiari- 
ties of  the  crocodile  and  the  turtlpj  whilti  there  is  one  genua, 
Plncodiu^,  provided  with  a  pavement  of  teeth  so  renaarkablB 
aud  so  like  that  of  the  Port  Jackson  shark,  or  wolf-fish,  that 
the  remaiua  were  lonj^  referred  to  a  family  of  true  fishea.  Some 
of  the  Australian  lizards  exhibit  the  same  peculiarity,  and  the 
Ijones  of  the  skull,  which  alou©  are  known,  liave  established 
the  position  of  this  animal  amoug  the  reptiles.  It  must  have 
fed  on  very  hard  kinds  of  food,  probably  crustaceans  aud  shelled 
molluscs. 

The  Pksiosaurus  is  an  animal  as  well  and  as  long  known  as 
the  ichthyosaiir,  and  both  are  equnlly  remarkable  for  the  ex- 
traordinary abundance  of  their  fossil  remains  m  England,  and 
ilie  sijigular  variety  and  number  t>f  species  determined.  They 
range  from  the  lias  to  the  chalk,  inclusive.  Although  einga- 
larij  unlike  in  estemal  form,  the  relatinna  of  plesiot^aunis  to 
some  of  the  turtle's  are  very  marked.  The  extreme  length  of 
the  neck,  charai'teristie  of  some  species,  is  less  considerable  in 
others,  and  in  an  allied  genua  (Pliostiiinis)  is  rednc-ed  to  a  shorty 
tompact,  bony  connection  between  the  head  aud  trunk.  As  io, 
other  respects  the  bony  frame-work  of  plioeauraa  and  plesio- 
saurua  agree,  and  the  former  is  sometimes  so  large  as  to  indi- 
cate a  length  of  thirty  or  forty  feetj  in  spite  of  die  absence  of 
neck,  it  ia  uneafc  to  judge  of  the  limits  of  plesiosanrus,  except 
^Tfhen  we  have  the  complete  skeleton  before  us.     The  animal 

'as  generally  slender,  and  does  not  appear  to  have  rearhed 
a  much  greater  length  than  thirty  feet,  judging  from  the 
apecimens  hillierto  found, 

A  modificfltion  of  these  marine  saurians  is  seen  in  a  group 
of  fossils  broiif^ht  several  years  a^o  from  South  Africa,  iiidi- 
coting  a  reptile  (the  Dici/nodou)  having  a  long  ai:d  curved 
^tuek  Oft  each  side  of  the  upper  jaw.     The  jaw  itaelf  was  pro- 

.bly  beak-shaped,  and  covered  with  horn.     This  curious  corn- 

!nation  of  tusks,  like  lliose  of  the  sea-horse,  with  a  horny 
mandible,  like  that  of  &  turtle*  belonged  to  an  animal  of  con- 
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aiderftble  si2«,  the  Bkoll  of  ooe  indiridual  measuring  twenty 
iocbtid  in  length  by  eighteen  incbea  aeross.  A  more  lizard-like 
lUiimaJ  iWt^iluisaurus)  provided  with  simitar  mttudibles.  tkfUgh 
without  the  tuaks,  is  known  from  some  Engtish  beds  of  the 
uew  red  sandstune  period.  In  biahs  from  the  same  ({uarrf 
m  thai  in  which  tbese  bones  nere  found  were  numerous  foot- 
pHnts.  nup|Kiaed  to  have  beeu  made  by  this  creature,  but 
gretiUy  reaemlltDg  the  impres^ious  that  voald  be  made  hj  n 
Lird.  'Xhe  feet  of  the  uaknowa  animal  were  partly  wehded, 
and  one  hind  toe  touched  the  fj^ound  with  its  point. 

A  («ti!l  more  bird-like  saurian  than  the  Bhynchosaunis  v.-ns 
the  pttTodacti/t  or  wing-ftnger^  one  of  the  most  remarkable  t»f 
all  the  reptilian  animals  hitherto  described,  whethev  in  receuS 
yr  fossil  Btate.  Like  raany  other  reptiles,  these  animals  be- 
longed esciuaively  to  the  secondary  period,  and  aeem  to  have 
ranged  through  that  period,  although  with  different  apeciea. 
The  heaii  vras  large,  with  long  jaws,  armed  with  sharp  pointed 
teeth,  ftnd  the  skull  was  lightened  by  lai^e  vacuiues.  The 
long  bones  were  light,  hollow,  aod  permeated  by  au'-cells. 
The  back  was  stnall  and  weak,  and  the  hind  limbs  and  pelvis 
weak,  so  that  the  creature  could  not  have  stood  or  walked  like 
a  bird,  but  must  have  dragged  along  the  ground  like  a  btit. 
Cut  the  fore  eTttreraities  are  wonderfully  developed,  the  fifth 
or  outorruuat  djgit  or  finger  having  been  so  greatly  elongated 
as  to  mark  its  U3e  for  ilying.  No  doubt,  a.  large  and  strong 
membrane  extended  from  this  elongated  finger  to  the  body 
and  tail,  ijicluding  the  hind  extremiiiea.  The  pterodactyls 
viere  probably  powerful  swimmers  aa  well  as  Hying  animals. 

Most  of  the  species  were  Binall,  but  some  from  the  greensand 
and  clialk  appear  to  have  attained  very  gigantic  proportions, 
the  expanse  of  the  wings  reaching  to  eighteen  or  twenty  feet 
A  group  of  gigantic  reptiles,  some  carnivorona  and  some 
herbivoroua,  charouterised  the  laud  of  the  secondary  period, 
and  their  remnims  are  sparingly  distributed  amongst  such  de- 
jio^itt^  OA  were  uuUkiently  near  shore  to  accumulate  terrestrial 
organkms. 

Id  some  peL^uIiaritiea  of  dentition,  the  MrffiiJosaurus  of  Dr. 
Bniikland  upproachea  the  structure  of  the  higher  mamm^Eds, 
atid  the  teeth  afilbrd  a  singular  combination  of  cutting  and  saw- 
ing iraplemenifi.  This  auimal,  like  the  other  gigantic  lund 
reptiles  of  the  period,  was  supported  ou  four  ati-ong  and  tall 
limbs,  terminated  probably  with  claws,     The  bones  of  the  es.- 
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tremitieS  were  hoUow,  and  some  of  the  remains  indicate  an 
animal  thirty  feet  in  length,  and  of  a  height  proportioned 
rather  to  that  of  the  elephant  thati  the  croL'oiiiJe.  The  bones 
of  the  megalosaur  and  an  allied  genua  are  found  in  the  lower 
jHirts  of  the  oolitic  series  and  the  lias,  hut  another  replile  of 
Bimilar  proiwrtious,  though  less  completely  caniivorous,  occure 
in  the  wealden  heds,  together  with  fragmeota  of  a  purely  her- 
hivoroua  giimt  very  nearly  allied.  The  latter  [Iguanodon]  has 
generally  been  compared  with  the  large  iguanas  atill  living, 
tliough  the  relations,  except  in  th©  peeuliar  structure  of  the 
teetli,  aje  not  clearly  indicated. 

Crocodiles,  and  crot^odilean  reptiles,  seem  to  have  existed 
from  the  deposit  of  the  old  red  sandstone  to  the  pre&ent 
lime,  and  several  of  the  peculiar  variedes  of  form  in  which 
thej  are  still  found  are  represented  by  very  ancieiit  estinct 
species.  Thus,  the  alligators  or  caimans,  the  gaviuls,  and  the 
true  crocodiles,  ore  all  seen  in  very  old  deposits.  In  former 
times  they  were  probably  as  abundant  in  the  waters  and  swatnpv 
lands  that  then  occupied  the  sites  we  inhabit,  as  they  are  at 
present  in  the  swamps  at  the  mouths  of  all  the  great  tropical 
rivers.  Liz^anls  and  other  reptiles,  some  of  gigantic  size,  lived 
darinn;  the  deposit  of  the  chalky  and  smaller  kinds  must  have 
been  at  all  times  common. 

Remains  of  serpentfi  are  less  frequently  firand,  as  being 
rarely  likely  to  mis  with  water-formed  deposits.  They  are, 
however,  not  absent  in  the  newer  rocks,  though  hitherto  un- 
known in  those  of  the  secondary  period.  Tortoises  and  turtles 
belong  both  lo  the  secondary  and  tertiary  pertod,  and  many 
curiuiia  varieties  of  form  are  showa.  One  tortoise  of  very  gii^antic 
proportions  lived  in  India  during  the  middle  tertiary  period,  its 
carapace  measuring  no  less  than  twenty  feet  in  length. 

On  the  whole,  it  ia  concluded  by  Professor  Owen  that  the 

class  of  repriles,  unlike  that  of  fi&hes»  is  now  on  the  w^ane^ 

I      Laving  heeti  chiefly  abundant  during  the  middle  of  the  three 

1      great  geological  periods.     It  was  then  that  the  colossal  air-' 

breathing  species,  having  the  highest  grade  of  structure  and 

the  most  marked  peculiarities  and  modiiications,  seem  to  have 

lived.     Their  progress  liaa  since  been  checked ;    other  air- 

J       breathers  of  higher  types  have  replaced  them,  and  they  have 

been  driven  out  by  other  tribes  which  they  both  typlEied  and 

represented.    Of  eight  great  divisions  of  the  class,  three  are 

aUogeth&r  gone ;  and  of  the  other  five,  three  only  can  be  re- 
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gard&l  fls  having  in  recent  time3  their  cbief  tleTelopment. 
while  impormnt  natural  faiaiUes  in  some  of  these  have  passe^l 
through  all  their  stages*  and  finaJlv  disapj»eftreil. 

The  earth  is  now  peopled  w-ith  njammals.  and  the  air  wilh 
birfU,  while  in  the  sea  the  whales  take  place  of  the  ancieut 
reptilian  monsters.  Of  all  that  T«raatn,  the  tortoises  ftJitl  tur- 
tles, the  crocodiles,  the  lizards,  and  the  frogs,  offer  analogies 
enabling  iw  to  comprehend  the  pecnlmrities  of  the  extinct 
forms,  iiut  in  comparatively  few  instances  do  thej  represent 
forms  truly  anftlogous.  Most  of  the  representatives  of  these 
remaining  natural  groups  are  comparatively  small,  and  occnpy 
a  lower  relative  plaee  in  creation  (haa  they  once  did. 

Girds,  a5i  we  have  seen,  ore  known  by  their  footsteps  in  iha 
most  ancient  rucks.  Nor  caii  it  he  wondered  at  that  these 
indiealioTis  are  present  even  without  bones,  or  other  actual 
organic  remains.  For  the  moet  part,  birds  inhahit  land,  or 
at  teoat  visit  the  land  constantly,  and  their  bones  vfoiUd.  for 
this  reason,  be  lees  likely  to  oecar  in  sedimentaTj  deposits 
thim  the  bones  of  fishes  or  aquatic  reptiles.  There  is,  indeed, 
no  difficulty  in  the  preservation  of  the  bones  when  onoe  em- 
bedded ;  but  it  is  evident,  from  their  groat  rarity,  that  cir- 
cumstances have  seldom  been  favourable  for  their  deposit. 

The  footiiieps  of  birds  are  peculiar,  and  4U'6  more  readily 
diBtingnishable  than  those  of  mast  animals.  Bird^  tread  only 
on  the  toes ;  the^e  are  jointed  to  a  single  bone  at  right  angles 
to  it,  ftud  the  toes  diverge  more  from  each  other,  and  are  less 
connected  with  each  other  than  in  other  animals.  With  few 
exceptions,  only  three  of  a  bird's  toes  are  directed  fonvard. 
the  founh  bein^  ehorter,  and  directed  backwai'd,  taking  lees 
share  of  the  weight.  Guided  by  these  analogies.  Dr.  Green, 
an  American  naturalist,  announced  eo  long  ago  as  in  1835  the 
existence  of  a  bird  that  had  lived  during  the  new  red  sand- 
stone period,  and  whose  dimensions^  judging  from  the  size  of 
tlie  impressions,  were  at  least  four  times  as  large  as  those  of 
the  ostrich.  The  footprints  are  twenty  inches  long,  and  the 
average  stride  between  them  more  than  three  feet.  The  marks 
of  the  gigiintie  feet  that  trod  this  sandstone  while  it  was  yet  soft 
mud  are  singtitarly  well  preserved,  showintj  even  the  mftrk- 
ings  on  the  cushions  on  the  under  side  of  the  foot.  The 
animals  seem  to  have  been  gregarious,  many  iiarallel  rows 
being  sometioaes  seen  a  few  feet  apart 

Tha  rook^  ia.  which  the  BtLodstones  are  found,  i^hich  are 
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thus  chflFacterieed.  mtist  have  been  fomietl  in  ehallovr  wattr 
near  shore.  The  tracks  have  been  found  in  more  than  twenty 
places  scattered  through  a  district  measuring  nearly  eighty 
mUes  from  north  to  south,  and  are  i'i?f>eflted  through  a  suc- 
cession of  beda  more  than  a  thoua^ud  feet  thick. 

No  other  proof  of  tho  existence  of  such  animals  is  wanting, 
an«i  DO  other  has  yet  been  found  in  the  new  red  sandstone. 
l?"rom  ibe  oldest  to  the  newest  of  the  secondary  rocks,  the 
only  other  indication  of  birds  conajsls  of  a  part  of  a  toe  bone 
of  a  species  about  the  siae  of  a  woodcock. 

The  extreme  caution  with  which  negative  eTidence  in  this 
particular  department  of  science  requires  to  be  treated  could 
not  be  better  exemplified  than  in  the  case  before  ua.  In  the 
■nhole  of  a  long  aud  remarknldy  welUdeveloped  series  of 
depositrt,  containing  not  only  remains  of  marine  animals  in 
abundance  and  peifectiou,  but  complete  inaects,  the  soft  parts 
of  molluscs,  minute  bones  of  quadrupeds  not  larger  ihau  a 
rat,  the  most  delicate  parts  of  treea  and  plants,  and  indeed  all 
kinds  of  fossils  apparently  ^e  most  unlikely  to  be  preserved, 
we  have  as  yet  discovered  no  proof  of  the  existence  of  birds, 
beyoud  a  few  footprints  in  one  of  the  oldest,  and  a  few  toe 
bones  iu  ono  of  tlie  nsost  recent  deposits.  Doybtkss,  thts 
slender  basis  is  suJlident  to  enable  us  to  fill  up  in  idea  the 
intervening  period  ;  but  how  accidental  is  the  discovery  of 
these  two  isolated  facts,  placed  at  the  two  ends  of  the  geolo- 
gical series ! 

In  tertiary  rocks  a  few  other  birds'  bones  have  been  found, 
and  their  footpriate  have  been  suspected  in  carboniferous 
rocks.  These  latter  are  still  disputed.  The  former  mark  a 
gradual  approximation  to  existing:  conditions- 
Very  remarkable  in  every  respect  Jire  the  gigantic  bird's 
hones  diseovered  some  years  ago  in  New  Zealand,  and  since 
described  under  the  name  Dhionih.  Such  birds  might, 
no  doubtt  have  made  footprints  like  those  found  in  the  new 
red  sandstone,  but  they  belong  to  deposits  so  modem  that 
there  is  a  shrewd  suspicion  of  aonie  individuals,  at  least, 
having  remained  in  the  islands  till  they  were  peopled  by  man. 
New  Zealand  is  not  more  remarkable  for  the  absence  of  large 
quEidrupeds  than  for  the  presence  of  the  living  Ajttertjas  and  the 
extinct  Dinomis  and  its  allied  genera.  The  former  is  small, 
but  powerful,  and  very  peculiar  in  its  habits  as  well  as  its 
structure.     It  is  truly  wingless,  having  barely  the  rudimealorif 
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wing  boDes,  and  nothing  that  can  iu  any  way  act  as  fore  extre- 
raiiiea^  The  Dinoruis  has  already  yielded  nine  species  fpim 
the  BpecimenB  exhumed,  mid  of  these  one  is  believed  to  lute 
been  contemporaneous  nith  the  present  laces  of  animals  dsd 
Vi'ith  man,  even  if  living  individuals  are  cot  still  concealed  on 
the  island. 

In  Madafjnscar  there  have  h«en  found,  not  only  bones.  l>!it 
the  shells  of  such  eggs  aa  tho&e  gigantic  birds  may  have  laidi 
the  contents  of  one  egg  of  average  siz&  being  &is.  times  that 
of  an  ostrich's,  and  a  hundred  and  forty-eight  times  that  of  s 
ben  s  egg, 

Iu  the  neighbouring  ieknd  of  MauriliuB  the  dodo  and  ihe 
&oJitaire  are  examples  of  animals  that  have  died  out  certainly 
witliin  the  last  two  centuries.  They  are,  however,  not  only 
extinct,  hut  forgotten,  bo  that  were  it  not  for  the  bimes  and 
the  actual  painted  representation  of  the  bird,  it  might  well  be 
thought  that  ihey  were  auimflls  nf  iziucli  more  ancient  dnle. 
All  these  birds  of  Xew  Zftftland  and  the  islands  of  the  Indian 
Ocean  that  are  now  extinct,  were  reronrUable  for  the  alisence 
of  any  vestige  of  wings  that  couM  he  available  for  flight. 

The  complete  skeleton  of  the  dodo  has  been  found  and  its 
affinities  are  now  determined  beyond  a  doubt.  Though  b 
large  bird,  it  hud  imporiant  relations  with  the  pigeon  trik', 
and  was,  no  doubt,  good  for  food. 

As  the  reDialns  of  bii'da  are  exceedmgly  rare  in  any  hot  Ihe 
newest  deposits,  and  might  have  seemed  to  show  that  this 
important  class  was  newly  introduced^  if  it  had  not  been  for 
the  solitary  group  of  footprints  in  the  red  sandstones  of  Con- 
necticut, 80  the  yet  moie  highly  organised  mammals — the 
highest  group  in  the  scale  of  beings — are  known  only  in  « 
fossil  state  in  the  secondary  rocks  by  a  few  minute  and  im- 
psifect  fragments,  not  to  compare  in  completeness  with  the 
envelope  of  the  animalcule,  the  carapace  of  the  ci"ab,  the  ehell 
of  the  mollusc,  or  the  bony  plates  i^oated  with  enamel  of  &unie 
of  the  fishes. 

It  is  singular  that  whilst,  iu  the  more  higbly-orgaiiis^ 
vertebrate  animals,  the  proportion  of  hard  to  soft  matter  ia 
generally  larger  than  in  those  of  lower  structure,  although  the 
hard  matter  itself  is  at  least  equally  indestructible,  there 
should  be  this  scejcity  of  their  fossib.  In  quadrupeds  geoe- 
ra-lly.  and  iu  biids,  the  houes  contain  nearly  seventy  per  cent 
of  hard  eanhy  vfiauex,  tV^dj  ^hos\jhate  of  lime,  while  in 
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reptiles  the  proportion  does  not  avera^'e  more  than  sixty  per 
cent .  and  in  fldliea  even  lesH.  The  rest  is  clue0_y  gelatine, 
■which,  ftflj^r  long  iuterment,  ia  lo^t,  hdJ  after  a  time  is  often 
replaced  by  a  seooud  dose  of  earbanate  of  lime,  or  by  the  in- 
liltralion  of  sihca. 

Prijfesaor  0  vren  has  observed  that—"  The  determination 
of  the  remains  of  quadi'iipeds  is  beset  (as  Copier  tmly  re- 
marks) with  more  difficulLLea  tban  that  of  other  organic 
fossils.  Sheila  are  usually  found  entire,  and  with  b11  tha 
characters  by  which  they  may  be  compared  with  their  en- 
velopes in  the  museums,  or  with  figures  in  the  illnstrated 
Looks  of  naturalists.  Fishes  frefiuently  present  their  skeleton 
or  their  scaly  covering  more  or  less  eotire,  from  which  may 
be  gathered  the  general  form  of  their  body,  and  frequently 
both  the  genfiric  and  speciiic  cbaracteri  which  are  derived 
from  such  iuteriiftl  or  csternal  hard  partB.  But  the  entire 
skeleton  of  a  fossil  quadruped  la  rarely  found,  and  when  it 
occurs  it  gives  little  or  no  information  as  to  the  hair,  the  fur, 
or  the  colour  of  the  species.  Portions  of  ibe  skeleton,  with 
the  bouea  dislocated  oi"  scattered  pell-mell^  detached  bones 
and  teeth,  or  their  fragmentB  merely — ^auch  are  the  couditiona 
■  ifi  which  the  petrified  remains  of  the  mammalian  class  most 
commonly  present  themselves  in  the  strata  in  which  they 
occur."^ 

The  determination  of  all  that  is  essential  in  the  form, 
habits,  ani  peculiarities  of  a  quadruped,  from  a  careful  con- 
Bideriition  of  the  analyais  of  single  bones  or  teeth,  or  grotipa 
of  bunes,  has  for  its  basis  an  admission  of  perfect  mutual 
adiLpUliiUty  of  every  part,  combined  with  an  obscure  mtd 
mysterious  reference  to  some  general  typical  structure  more 
or  leas  developed  in  the  particular  instance,  but  very  essantial 
aa  marking  the  position  of  the  species  in  question  in  the  scale 
of  nature. 

Thus,  in  the  whales  and  other  marine  cetaceans,  there  are 
rudimentary  bones  of  no  conceivable  use  to  the  individual, 
nor,  indeed,  to  any  one  species  of  a  large  tribe,  bat  which  yet 
connect  these  auiraals  with  the  class  to  which  they  belong, 
and  separate  Ihem  from  other  classes  to  which  they  approxi- 
mate in  form  and  habits^  though  not  in  some  essential  points 
rof  structure. 

•  Owen's  "  Palffloatologj-,"  p.  2Q7. 


I 


The  earliefit  indicatioa  hitherto  obtaiDed  of  the  esisteDCe  of 
quadrupeds  is  from  fossil  teeth  iu  the  new  red  sandistone  or 
triaasic  fonuaticms — amoQg  the  oldeat  focts  of  the  &ecoudaiy 
period,  and  tlie  same  &3  lliuse  iu  \\hich  the  footmarks  o( 
gigantic  birds  ■were  discovered.  It  is  somewhat  unreitsonable 
to  assume,  &s  Professor  Owen,  seems  inclined  to  do,  that  be- 
cause they  have  not  jet  been  met  with  in  palfieozoic  deposits^ 
they  had  not  then  been  created.  Time  will  probably  bring  to 
light  much  that  is  new  and  iutereating  in  this  deparEimeut  of 
human  knowledge. 

The  animal  whose  remains  are  above  alluded  to  wag  a  veiy 
small  iiiaect-feeding  quadruped^  posfiibly  marsupial,  and  ap^ 
proaching  one  of  the  smalJer  Australian  genera  in  its  denti- 
tion. Other  not  very  dissimilar  reraainB,  consisting  of  jaws 
and  teeth,  have  been  found  in  the  rocks  of  the  lower  oolite 
worked  at  Stonesfield,  near  Oxford,  and  they  also  seem  to  in- 
dic&to  EiQ  animal  whose  teeth  could  conveniontly  crush  thu 
wing-cases  of  beetles  and  the  hard  integuments  of  other  in^ 
a&cis.  Some  of  tbe  animals,  whose  reiuiuns  are  preserred 
\vei'e  Tuarsupiftl,  and  some  not ;  but  all  seem  to  hare  been  of 
small  size.  One  of  them  was  apparently  onlnivorous,  and  is- 
suspected  to  have  been  hoofed.  OtherH  found  iji  tlie  beds  of 
upper  oolite  were  decidedly  carnivorous,  and  others  again 
herbivorous. 

With  the  exception  of  a  aingle  bone,  probably  from  an 
oolitic  bed,  and  referred  to  a  cetacean  as  large  as  a  grampus, 
the  above  ia  the  whole  list  of  fossil  quadrupeds  from  rocks 
below  the  tertiaries.  Can  we  for  a  moment  suppose  that  the 
earth  was  thus  thinly  and  poorly  provided  with  animtds,  while 
the  air  and  water  teemed  with  life?  Can  we  believe  that, 
with  vast  forests  and  a  wide-spread  and  var^'icj  vegetation, 
with  insects  abundant,  and  every  things  so  far  as  we  knoiF, 
perfectly  tavourable  tor  their  existence,  tbere  should  have  been 
a  few,  aud  yet  so  veiy  few,  mammalian  forms  developed;  just 
enoug'h  to  let  us  know  that  the  class  had  long  been  intro- 
duced^  but  proving  also,  if  this  view  be  correct,  that  it  liad 
made,  and  wa^  making,  no  advance  towards  its  eubaeqoeiit 
importatice  ? 

Doubtful,  and  coctrarf  to  esperiecice  as  this  might  seem,  it 
is  a  possible  state  of  thiugs,  and  one  uot  altogether  without  ejc- 
ample  at  present.  Such  tvos  certainly  the  condition  of  soma 
of  the  large  islands  of  the  Pacilic  when  discovered,  even  so 
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lately  as  during  the  last  ceuturj-,  and  aucli  is  &tUt,  perhaps,  the 
state  of  islands  uJmost  ag  large  as  our  ovm. 

But  if  these  jslauda  are  no-A  exBeptioiDi  to  «n  olhemse 
general  rule,  that  all  the  dilFeveut  classes  are  spread  wherever 
cireumstances  are  favourable  for  their  growth,  whj  should  it 
Tiot  have  been  so  formerly  ?  Why  should  not  islands  with 
only  a  few  sraaU  m«r*upml  quadrupeds  have  existed  in  a 
great  ixwan  in  the  western  part  of  the  Dorthem  hemisphere, 
while  continents  elsewhere  were  crowded  with  larger  greu|w, 
and  much  larger  individuals^  of  the  dasa  of  mammals  ?  Wby, 
in  other  words,  are  we  bound  to  assume  that  in  our  own  lati- 
tudes there  was  alwa^-s  the  same  richness  of  life  that  there  is 
now,  and  tlmt  here  was  the  scale  by  which  to  measure  all  crea- 
tion? Eather  let  tis  assume  that  land  and  water  havo  not 
only  always  heeu  unequally  distrihoted,  but  that  what  are  now 
the  depths  of  ocean  may  once  have  been  dry  land,  just  as  we 
know  that  what  is  now  dry  land  was  certainly  for  a  long  time, 
and  when  all  these  secondary  deposits  were  going  on,  covered 
witt  water.  From  this  water,  no  doubt,  were  deposited  in  the 
form  of  mud  end  sand,  those  very  rocks  from  whose  contents 
we  now  judge  of  the  animal  inhabitants  of  the  whole  globe.  A 
due  consideration  of  ''the  imperfection  of  the  geologic  record  "* 
would  teach  useful  lessona  of  humility  in  reference  to  the  in- 
troduction of  the  higher  races  on  the  earth. 

By  far  the  larger  number  of  mammals  whose  remains  have 
been  found  fossil  belong  to  the  period  called  tertiary^  com- 
mencing after  the  deposit  of  the  chaik. 

Whether  the  chalk  and  the  oilier  rocks  of  that  period  in  our 
latitude  were  deep  sea  deposits  is  by  no  means  clear.  Proba- 
bly there  was  no  great  uniformity,  but  some  parts  were  accu- 
mulated ju  deeper,  and  some  in  shallower  water.  But  this 
cretiiceoua  &ea  certainly  covered  an  inimeuae  portion  of  what 
is  now  land,  not  only  ia  Europe,  but  in  large  parta  of  Asia, 
Africa,  and  even  America.  The  distribution  of  land  and 
water  after  the  completion  of  the  secondary  deposits,  fl]id  at  the 
commencement  of  what  we  call  the  tertiary  period,  must  have 
been  in  all  respects  different ;  and  it  ia  only  in  the  rocks  of 
the  kttet  that  we  find  the  mammaha  fully  represented. 

The  earliest  form  of  modem  quadrupedal  life  yet  knows 
was  a  large  aud  remarkable  animal,  at  least  double  the  size  of 
the  American  tapir,  determined  originnlly  by  Professor  Owen 
from  a  single  tooth  and  a  small  fragment  of  ^aw  dredged  Ml^ 
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off  the  Esf^ex  c^^ast.  Other  teeth  and  boues  were  aftfnrards 
fouoil,  confiriQing  tbe  view  origioallj  takea  of  this  anionl, 
whkh  differs  from  the  later  tapiroid  ammals^  althoa^,  like 
them,  it  was  herbivDrous  and.  hoofed,  Auolher  and  Bomewhat 
peculiar  hopfed  quadruped  was  afterwards  detected  from  the 
older  tertiarieH  of  the  Londou  elaj,  atid  these  two  seem  to  have 
preceded^  in  order  of  tinier  the  welt-knomn  and  often-described 
genera,  ihe  Pahtotiurium  and  Anoploihfirium  of  Cuvier,  the 
former  representiHg  a  group  of  hornless  rhinoceroses;  tbe 
latter  approaching  the  axilelopes  and  deers  in  some  of  lis 
species. 

Since  the  original  account  given  by  CuTier  of  the  fossils 
Uota  which  these  interesting  Eiud  carious  pachjderniB  ven 
made  out,  a  lar^e  number  of  new  genera  hare  heen  added, 
most  of  them  nearly  allied,  and  proviug  the  singular  abiui* 
dance  a»d  variety,  at  the  time  ^heu  they  liTed^  of  a  tribe  now 
greatly  limited  iu  dibtribution. 

Without  reciting  a  long  list  of  technical  names,  whieb  coulii 
have  no  interest  for  the  general  reader,  we  mny  say  Uui 
these  discoveries  have  resulted  in  connecting  tofrether,  by 
niarked  and  very  eurioua  links,  the  common  padiyderms,  of 
which  the  elephant,  rhinoceros,  and  hippopotamus,  the  hog 
and  the  horse  are  all  examples  (some  of  them  very  divergent); 
and  not  oidj  have  they  ehomi  the  mutual  relations  of  struc- 
ture in  the^e,  but  they  have  enabled  the  n&turalLst  to  understand 
bow  they  all  pass,  by  sdmost  insensible  gradations,  into  the  ru- 
minante  — especially  the  antelopes.  Tbey  are  even  considered 
to  prove  the  artificial  eharacter  of  the  order  Rutninantia  of 
modem  aystems  of  classification,  and  to  show  the  natuwJ 
character  of  that  wider  group  of  even-toed,  hoofed  animals 
suggested  by  Professor  Owen  many  yeare  ago,  and  for  which 
be  proposed  the  name  ArtladactyUi. 

With  the  vegetablo  feeders  of  the  oSd  tertiary  period,  many 
of  them  $mAll,  delicate,  and  of  beautiful  proportions,  there  co- 
eiisled  carnivorous  qundrupeds  which,  to  judge  by  their  teeth, 
were  more  fell  and  deadly  in  llieir  deatiuctive  task  than  modem 
wolves  or  tigers.  One  of  thesg,  about  the  size  of  a  leopard, 
and  others  of  smaller  dimensions,  seem  to  have  been  suffi- 
ciently abunilaot  during  the  early  and  middle  tertiary  period. 
There  were,  also,  then  113  before,  a  few  didelphine  auito^s,  in- 
cluding an  opossum  fivam  the  classic  beda  of  Moutmartre. 
Besides  these  we  liave  lu  the  older  tertiarie^  a  veiy  p^uliar 
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edentate,  intfirmediate  between  ibe  jmngalius  and  oiycteri>pe  ; 
this  latter  in  aome  tif  its  proporLioiia  reminding  tbn  naturalist 
of  the  gigantic  e'siinct  aloiba  of  Soiitli  Ameiica. 

A  Iftiye  ciirQivoryua  whale,  several  lierliivoroua  cetaceans, 
several  extinct  dulpbins  and  true  whaler,  imd  a  gigantiu 
animal,  probably  q  luiuintee,  Imviug  birge  tuaka  iu  the  luwer 
jaw,  are  among  the  animals  whose  remains  are  also  common 
iu  the  middle  tertim-ies.  Of  these*  the  wlmle^i  are  known 
chiefly  by  tt  gi'oup  of  foasib,  at  tirat  little  suspscteil  to  bo  or- 
ganic, in  fact,  by  the  petriflei  leeth  and  ear  bones  wuskfid  out 
of  older  beds  into  the  red  ciag  of  SutTolk  (a  newer  tertiary  de- 
poiiit),  and  tliere  accumulated  in  such  large  quantitiea  as  to  be 
of  economic  importance. 

The  vast  number  of  tliese  fossils^  and  the  proportion  of  phos- 
phate of  lime  iu  them,  led  the  late  Pt'ofessorHenalow,  ia  ]  845, 
to  call  the  atlentiou  of  agricultora!  ciheniista  to  theto,  as  a  dn- 
posit  of  valQflblo  mineral  maaure.  Since  that  period  they 
have  yielded  a  large  yupply,  worth  ranny  thousand  pi^unds  an- 
nually. The  red  cra*^  is  found  iu  patchea  oa  the  Essex,  and 
Suffolk  coaHt,  extending  from  the  shore  to  from  five  to  Hftoeii 
miles  inland.  It  averages  ten  feet  in  tbi^jkness,  but  ia  in  some 
places  forty  feet.  Broken  up  aeptarian  uoduleg  form  a  rude 
flooring  to  the  crag,  left  by  the  washing  off  of  tha  Loudnu  clay. 
Tlie  phosphatie  foa^ils  ("cops'  as  tbey  are  locally  termed)  occur 
on  this  Hoori[ig,  and  no  donbt  thousands  of  acres,  many  yards 
thidi,  of  eai'lier  strata  must  have  been  brokeu  up  to  furnish 
the  uoduleis  now  used  to  fortilise  the  land. 

There  Is  a  distiuct  cbaiLge  In  the  grouping  of  the  quadrupeds 
when  we  compapft  the  olJ«r  with  the  ntiwertertiarins,  and  some 
»  of  the  spg'cies  form  u.^ei'ul  liuLa,  Thus^  in  later  times  the  ele- 
phautoid  group  replaced  the  tupiroid,  tlie  mastodons  being  of 
intermediate  character.  Nearly,  if  not  quite  as  bulky  as  the 
elepliflut,  but  not  quite  so  tall,  and  with  simpler  dentition, 
thesie  remarkable  unimalg,  with  loug  straight  tusks,  and  tusks 
m  the  lower  as  well  as  upper  jaws,  were  probably  more  aquatic 
iu  their  habits,  and  belonged  to  a  more  swampy  condition  tf 
the  land,  iu  this  respect  resombling  the  hippopotamus. 

Thfl  true  elephants  and  some  of  the  later  maatodons,  nume- 
rous hippopotamuses,  rhinoceroBes  and  hogs,  many  large  rumi- 
nants of  all  the  principal  existing  families,  bear^,  porcupineu 
1^     and  otlier  rodents,  and  numerous  vegetable  and  animal  feeders, 
^^me  of  larger  size  than  they  are  now  foujidj  oibdrs  smaller 
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but  stSn  diAeteiiU  «ad  «  iem  tAiodabAj  idevtiaal,  rlwwtfflht 
depoutH  of  latett  due.  and  mingled  vith  soefa  dcfMAita  hn« 
Istelj  }>eea  foand  aculptarcd  fliots— ceftftiik  inffi^doiia  of  ■ 
race  of  intelltgent  beings,  far  Temored  bom  the  lower  aodmida, 
and  pmvUig,  in  fact,  ttu  tccj  eorljr  mtn>diictiiHi  «^  mnu  m  dw 
eartlTL 

But  long  before  this.  th«  remarkable  group  now  represented 
by  apes,  moDke^r^.  and  otiier  fovr-haisd^  animals  bad  been 
iDtroduced,  and  their  remains  are  foand  in  the  middle  tenia- 
ries  of  tlie  south  of  Frmiiee.  One  of  these  was  appareutly  a 
tHJTed  monkej,  anoliier  was  &  large  ape.  long-armed,  and  of  dlf- 
fereDt  build  iiom  the  cbimpanzee  and  the  great  ape  of  tn^icd 
AJrictL,  and  less  like  tlie  human  ra^'e  ia  its  osteobgical  chane- 
ter^  Other  tuoukeva  and  apes  have  been  found  in  somewhat 
newer  depo&itH,  proving  that  the»e  animals  onoe  ranged  tat 
intire  to  the  uorth  ilian  they  now  do.  The  last  cxiinci  species 
known  was  associated  with  the  teds  of  gravel  which  contain 
hfmes  of  rliiaoceros  oud  hippopotamus,  in  which  flint  weapoiu 
are  also  met  with. 

Vs'e  must  not  here  occupy  space  by  describing  those  very 
singular  gigantic  quadmpeds  of  the  npper  terliaries,  whose  re- 
mains have  for  gome  years  past  attracted  general  attention, 
mill  have  h^en  the  ^uhject  of  frequent  popular  description. 
The  megatherium  and  ciylodon,  the  glji^todon,  the  advathe- 
rium,  the  great  lri^>b  elk  [no  called)  the  greet  hytena  and  beat 
of  the  raves,  the  huge  kangaroo  and  wombatt  and  the  power- 
ful ami  tierce  Mai-liaiwihis,  all  these  existed  not  long  ago,  and 
■R-rre  a^sotiiated  in  distant  paits  of  the  worM,  not  only  *"ith 
man  but  with  numerous  qntidiupeda  etill  esisting,  and  still  the 
comtnon  and  abundant  aniraala  of  the  conutries  in  which  tliey 
live.  The  horse  and  bsh.  and  a  third  species  of  equua,  inter- 
mediate in  aLze,  were  prohiibly  the  progenitors  of  those  we  em- 
ploy. The  sarae  may  bi;  said  of  the  bovine  animalB.  lu  other 
cases,  although  I'ertain  large  and  obtrusive  kiuds  are  destroyed, 
the  BUjaller  kiuds  survived  and  still  remain.  In  all  these 
caseti,  '*  with  extinct  as  with  existing  manimfilia,  particular 
forreis  were  assigntd  to  particular  jnrovitii'es,  and  the  s&vie 
forma  were  restricted  to  the  same  provinces  at  a  former  geo- 
logical period,  lis  they  ari^  at  tlie  present  day,"  hut  this  period 
in  regard  to  the  aiiimola  iia  question  was  a  comparatively  re- 
tfeiit  one. 

We  hiive  now  completed  a  very  brief  destanptive  aketch  of 
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the  gfent.  aeries  of  remains  of  aiiimal  life  which  farm  the  basis 
of  pahsontologicttl  science,  and  tliough  neceasarily  very  im- 
perfect, we  believe  such  an  outline  may  bti  found  convenient 
and  useful.  Of  coui'Sf,  in  avoiding  tecbnlctd  language  and 
more  figures,  we  have  left  out  much  that  would  be  essential  in 
a  treatise ;  hut  something  of  the  order  of  nature  will  have 
been  aeen.-auti  suraetliing  of  that  fouudation  uf  fact,  and  su- 
pers tracture  of  generalisation,  that  together  construct  the 
science. 

Of  all  the  direct  and  immisEakable  deductiong  from  these 
facts,  the  first  iiuqueetionably  seems  to  be  the  apparent  auwes- 
eive  extinction  of  old  species,  aud  the  aubstltulion  of  new  ones 
in  their  place.  To  the  philosophical  naturalist  it  thus  becomes 
an  inquir)"  i  how  far  species  are  to  be  regarded  as  fixed  and 
definite,  and  what,  in  fact,  is  to  he  understood  by  the  term 
species,  as  expressing  a  fact  in  nature? 

It  is  so  difficult  ami  unpleasant  to  ualeHm  what  we  have 
been  taught  as  probahlj  our  tirst  leason  in  natural  hi^^tory,  that 
ecarcelj  uny  one  ia  willing  to  give  up  thia  artificial  and  couven- 
tional  term,  and  launch  at  once  into  the  inv^estigation  tliat  can 
alone  euUghten  us  0:1  this  subject.  Still,  we  are  bound  to  in- 
quire whether  *'  species  or  forms,  recognised  by  their  distinc- 
tive characters  and  the  power  of  propagating  them/'  do  exist 
in  nature — that  Is,  whether  the  limits  of  variety  under  clmng- 
iug  external  circumstunces,  ate  sufficiently  known  and  con- 
sidered,—when  we  us&ert  that  characters  are  distinctive,  and 
whether  the  power  of  propagating  diatinctive  cliaracters  is 
not  combined  with  a  largo  pow^r  of  modifying  the  diatinc- 
ion  m  the  ofi^pring. 
It  is  to  thia  important  question  that  Mr,  Darwiu  some 
me  ago  directed  attention,  and  in  this  he  :s  decidedly  at 
issue  with  the  older  naturaliats.  We  have  not  space  to  give 
even  on  outline  of  the  argument  on  either  side,  but  our 
re&ders  may  bo  interested  in  observing  the  mode  in  whicii 

j       it  aiTocts  the  gi'eat  palajontological  inquiry. 

I  Mr.  Darrein,  knowing  that  there  are  imiividual  differeaceB 

in  all  organic  beinj^a,  capable  of  being  repeated  with  more 
or  less  modification  in  off^pritig,  believer!  that  the  conditions 

I  of  existence,  whatever  they  may  be,  determine  the  direc;tion 
of  chacgSj  by  being  alw^ays  more  favourable  to  some  modi- 
fications than  they  can  be  to  others.     Under  these  circum- 

^_*tance8,  if  tiie  conditions,  whatever  they  be,  are  used  by  on© 
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individual  of  a  family  to  a  greater  extent  than  hj  the  rest, 
tliat  one  will  live  and  flomiah  while  the  othera  will  aUin-e 
or  be  killed ;  that  one  it  is  believed  will  alsft,  in  all  pro- 
bability, perpetuate  ita  peculiaritica,  whatever  they  are,  to 
some  of  it3  offspriDg,  those  of  whom  will  be  preserved  who 
retain  the  favourable  cbaraclera.  while  the  rest  will  be  lost, 
and  so  on  until  a  permanent  variety  adapted  to  e^i&dng  cou- 
dition  is  produced- 

But  if  the  circumstancea  chnnge,  then  some  other  cor- 
responding uindit]Gatii>n  of  the  organism  is  produced,  and  a, 
new  variety  is  obtutnedi  aud  bo  on  continually >  There 
is  no  permanence  in  conditions,  and  therefore  there  is  no 
Dficee^ary  periLianeuL-e  in  Bpecies ;  but  conditions,  and  also 
species,  may  remain  wnaltereii  for  a  long  perithl.  There  is 
corrtlatiort  in  r  very  important  sense,  and  every  chsjige 
acts  upon  every  individual.  In  this  view  the  extinction 
of  species  is  merely  another  mode  of  expressing  that  thfl 
mutual  relations  of  inorganic  matter,  produced  by  those  phy- 
sical change;^  conatantly  going  on,  produce  at  the  eame  time 
corresponding  modihcatious  in  organic  life.  This  we  nn- 
derslaud  to  be  the  meaning  and  hearing  of  the  law  of  nHtural 
Sflleution,  and  in  this  sense  we  und  ere  land  and  accept  it. 

In  bringing  this  chapter  to  n  close,  we  may  make  uae  of 
some  remarks  from  a  work  recently  published  by  Professor 
Owen,  on  Paleontology,  and  already  quoted  in  previoai 
pages.  He  observes  that  by  the  in vestiga lions  of  palteonto- 
logy,  we  igaiu  a  knowledge  of  the  fact  that  the  phenomena 
of  the  world  do  not  succeed  each  other  with  the  mechanical 
aameness  attributed  to  them  in  the  cycles  of  the  Epieureaa 
philosophy,  for  we  are  able  to  demonstrate  that  the  different 
epochs  of  the  earth  were  attended  with  corresponding  changes 
of  organic  structure,  and  that  in  all  these  inatancea  of  change, 
tha  organs  still  illustrating  the  unchanging  fundamental  types, 
were,  as  far  as  we  could  comprehend  their  use,  exactly  those 
best  suited  to  ttit;  functions  of  the  being.  Henoe,  we  not  only 
show  intelligence  evoking  means  adapted  to  tlie  end,  but  at 
suceessive  times  and  periods  producing  a  change  of  mechanism 
adapted  to  a  change  i»  esteraal  conditiotis. 


CHAPTER  XXI. 


EITEOTS  01  HUMAN  AGENOT  ON  iKAJ^IStATE  SATUEE. 

Man  lias  at  k\\  times  and  in  sll  randitioBs  of  civilisation  exer- 
cised BUI  inGueoce  on  nature  far  bevond  tliat  produced  b^  any 
odier  race.  Parlly  l<y  direct  means  iu  his  stai-ch  after  Iboti, 
but  chiefly,  no  doubt,  indirectly  and  accidentally,  as  by  tlie 
burning  of  praintis*  and  foref^ts,  and  the  removaJ  of  tribes  of 
animals  which  in  Lis  absence  would  overrun  the  country,  even 
savage  tribes  mRna^e  to  make  and  leave  a  mark  that  cannot 
afteru-fli'ds  be  effaced.  But  if  this  wus  the  case  in  the  early 
ages  of  the  world  and  in  all  couutm^,  and  liitill  continnes  in 
tliose  Tirido  tracts  inhabited  by  men  unacquaioted  with  the 
luxuries  of  civilisation,  it  is  enormously  greater  where  civilised 
races  bave  long  dwelt,  and  much  more  so  in  the  temperate 
than  in  the  torrid  or  Arctic  regions.  It  must  not  be  supposed 
that  this  influence  was  always  intended  bi>  be  favourable,  or 
that  the  result  was  foreseen.  There  can  be  no  dyubt  that  it 
has  in  Bome  eases  been  altogether  nnexpected,  and  has  even 
produced  a  great  and  permanent  detcriomtion  of  climate,  while 
in  otbers  it  is  possible  that  the  climate  may  have  been  improved, 
large  tracts  being  rendered  habitable  and  healthy  that  were 
before  useless.  It  ia  certain  that  the  result  migbt  often  have 
been  foreseen  where  it  was  not ;  and  the  work  has  been  done, 


*  Bo  effectual  is  fire,  that  CD  one  occ^ioTi,  in  the  United  States,  at 
Miraniiohi,  nftarly  eJx  thousund  equare  milca  of  woodland  were  deatro^'ed, 
and  tbe  beat  {MJQHumed  and  bmnt  to  a  umder  the  very  soil  itsolf.  As 
iin  illiistra'tjoii,  however,  thflt  ftcoidents  of  this  kind,  -when  not  due  to 
man,  l^avo  little  pennanent  mark,  wo  may  mention  that  in  a  quarter  of 
B  ccntiu'y  tbe  ground  waa  again  covered  with  trees  oC  fair  diuieiiBions, 
except  where  cidtir atioTi  and  paatursge  provonteii  their  growth. — Mar^h-, 
"Mao  aad  Nature,"  p.  3S. 
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wlietlier  for  good  or  evil,  long  before  the  conseqaeTices  were 
iouigtneil. 

There  is  not  a  doubt  that  tbe  land  in  the  temperate  zouea 
of  the  earth,  aa  well  as  in  the  Iropical  regions,  -vvaB  origiuoJly 
covered  witii  a  dense  fpreat  wherever  the  conditiona  were  fa- 
voumble  for  vegetation ;  and  in  maiiy  placed,  as  on  the  sides 
of  almost  inaCMSftible  moantjiitis,  and  on  rocKs  now  naked, 
where  it  would  be  least  expected  that  forests  could  grow,  This 
is  proved  by  extensive  vegetable  remains — trunks,  branches, 
roots,  fruits,  and  even  leaves  of  treea,  frequently  found  in 
boggy  tmct=i^  oq  xaouni tains,  in  piains  and  vallej&,  near  the 
mouths  of  rivers,  atjd  in  lakes?.  Such  historical  accounts  aa 
can  he  referred  to  prove  that  this  was  the  case  throughout 
northern  and  enstem  Europe  and  north  Africa,  and  altio  in 
North  ftud  South  Anierira. 

Ic  is  impossible  to  traveJ  through  the  counlries  on  tlie  north- 
ern shor^is  of  the  eastern  Mediterranean  without  recognising 
this  fact.  Where  now  there  are  absolutely  naked Uniestone  rocks, 
only  liiovered  witli  a  scanty  cuating  of  herhs  during  the  spriDg, 
we  know  there  w  ere  once  forests  nf  large  extent.  In  the  iskad 
of  Cephnlonia  parte  of  these  forestB  remain.  Where  the  forest 
exists  there  is  a  soil,  but  where  it  has  been  removed  the  soil 
baa  gone  too.  The  rock  soon  becomes  perfectly  bare  when  its 
vegetable  coating  is  reraoved. 

The  great  pei-aistency  and  energy  with  which  vegetable  life 
forces  itself  in  wherever  there  is  opportunity,  and  the  mode  in 
which  the  smaller  tribes  of  plants  pave  the  way  for  the  larger, 
until  such  forest  trees  rise  as  the  circumstances  will  allow,  is  a 
fact  too  well  known  to  render  it  doubtful  that  in  all  cases  there 
villi  exist  trees,  wherever  trees  can  be  induced  or  are  allowed  to 
grow.  Certain  animala,  such  as  goats  and  deer^  are  especially 
Injurioua  to  young  trees,  and  when  introduced  into  a  country 
in  which  they  are  not  indigenous  they  soon  check  aud  destroy 
forest  growth.  Thus,  in  Cepbalonia,  to  which  we  have  just 
referred  aa  an  inatance  of  a  forest  partly  reraoved,  we  find  thai 
the  presence  of  a  few  goats,  which  do  no  great  harm  to  existing 
grown  trees,  entirely  prevents  the  continuation  of  forest  growth 
by  destroying  the  young  trees.  Throughout  the  Ionian  IslantU 
and  Greece,  forests  once  compered  the  land,  Tb©  forests  have 
been  destroyed,  and  the  destmt;tion  dates  from  the  encoim^^ 
ment  of  the  goat  at  the  expense  of  the  pig.  The  destruction 
of  woheB  by  human  means  "eqm^I  bAsb  xeqA.  \n  ^Saa.  wxtiaae  of 
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the  browsing  animals  and  the  destruction  of  tho  forests.  In 
this  wRv.  inciilentallj,  the  extirpation  of  ceitaiii  tribes  of  ani- 
mals affects  the  vegetaNe  covering  of  tlio  earth.  It  is  exceed- 
ingly difEicult  to  mejiisure  tht  extent  of  climntic  change  produced 
fts  the  ultimate  result  of  these  forces  ;  Imt  that  there  is  a  very 
great  pfTecl,  no  one  ftimiliar  with  the  facts  of  the  ca&e  will  at- 
tempt to  deny- 
In  order  to  eatimate  the  direct  effet^t  of  human  agency  in 
civitified  countries  it  is  neceaaary  to  resort  to  figures.  These 
will  at  any  rate  serve  as  the  foundfttion  fur  an  eistimat^,  how- 
ever madL^quRte-.  ThiiSj  it  is  calcnIateL!  tlmt  in  tlie  year  18(10 
there  were  160  milliyns  of  nci'eiiof  land  1:^50,000  square  miles) 
under  cultivfttion  in  North  America,  producing  not  less  than 
f>l)  millions  of  tons  of  iiarioiig  kind  of  food,  artiliciiilly  ^rowu 
for  the  use  of  man,  and  of  those  domesticated  aiiimalis,  depen- 
dant on  liim.  This  vast  quantity  was  grown  by  a  population 
of  30  millions  of  human  beings,  introduced  since  the  discovery 
of  Amentia,  The  whole  of  it  may  be  regarded  as  tliti  result 
of  tlie  jntroducliou  of  civilised  man,  Ibr  a  native  populji- 
tion  had  doubtless  been  in  existence  since  the  time  \s\nan  the 
mastodon  ranged  over  the  prairies  without  in  any  degree  affect- 
ing the  balance  of  nature.  It  is  not  difficult  to  see  that  the 
diversion  of  bo  much  liaad  from  a  nntive  shite  to  culUvalion, 
must  have  produced  many  important  r.hanges. 

Man  exerts  influL^nce  iu  various  ways.  Ho  destroys  birds 
becftuse  they  eat  fruii.  But  these  birds  also  feed  upon  the 
insects ;  and  a  worse  evil  is  sometimes  produced  by  the  in- 
crease of  insecta  than  is  corrected  by  the  destruction  of  the 
birda.  He  destroys  the  wilri  animals  and  inli'oducea  tamed 
and  dom&sticated  kinds,  But  some  of  these  are  occasionally 
multiplied  ioto  nuisances.  He  extirpates  worms,  which  might 
do  him  the  greatest  benefit  if  laft  alive.  His  iuMuenco,  when 
conscious,  is  often  in  a  wrong  direction  ;  an.cJ  when  unconscious 
mav  turn  either  favourably  or  unfiLvciumbly  for  his  iuteresits, 
according  to  circumstancea  over  whicli  he  has  no  eonti'ol. 
Even  in  the  case  of  food  recognised  aa  valuable,  such  as  the 
salmon  and  the  oyster,  he  will  often,  with  the  mo^t  scnauless 
and  stupid  carelesauesa,  destroy  the  race  for  the  sake  of  a 
few  years  supply. 

Aa  wooded  lands  are  by  no  ratans  adopted  to  human  require- 
meuta,  seldom  fui'uishing  either  vt-getiible  food  by  their  fruits, 
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or  niiimal  food  bv  the  fowls  and  beasts  natnnllT  residort  m 
aud  nl:>out  tbetn,  it  is  certaia  that  the  first  reeult.  o£  mnf  ptf- 
maDent  setUeifirat  of  men  in  il  coantrr  must  involTe  the  4e- 
Atroctlou  of  wcmkIs.  Eveu  for  fuel  tbey  would  Deed  I9  CU 
dowEL  a  part ;  but  for  cultivation,  they  require  la  remoit  a 
large  prDpoition  of  the  fortfst  growth  of  »  Qewlj-aetllcil  lEft- 
trict.  Fire  is  generally  us^  to  rt^mor^;  the  suiplua  EiiBbtfi 
aa  th«i  result  of  barniiig  is  highly  fkrourabld  to  the  prodv^ 
tion  of  a.  valuAble  soil  for  the  growth  of  food  crops.  Fonala- 
h&ve  generallj-  yielded  very  Boon  to  the  repeated  attacks  nudv 
on  them  as  p<.'oplB  multiplied  find  vrants  increased. 

It  has  l>eeii  supposed  that  trees  exercise  ao  electric  mBaeirs 
on  the  atmosphere ;  and  m  the  phenomena  of  vegetahk  iifa 
are  nuraerons,  energetic,  and  complicated,  it  is  not  uiilikc'ly 
that  this  is  thti  case.  It  seemii  to  be  a  uuiversal  opinion  ibat 
bdil  haa  become  DQore  common  and  severe  with  the  removal  of 
wood  on  the  flanks  of  the  Alps,  and  in  other  places  where 
forests  have  been  destroyed  mtbin  a  short  time.  However 
this  may  be,  the  quttntity  of  carbon  absorbed,  and  the  chemical 
change  induced  by  the  smface  of  leaves  exposed  in  a  forest, 
cannot  f«il  to  ulTect  the  Atmosphere^  and  the  removal  of  the 
forest  altera  thi-  eqiiiUhrium  obtained  during  sni'cesuire  cen- 
turies. A  forest  mthdraws  from  the  nir.  by  its  enormous 
fOrbent  surface,  much  more  carboruc  acid  than  meadows 
cultivated  6elds,  and  exhales  much  more  osygeu. 

Whether  regarded  as  mere  inorganic  matter  or  as  a  co|doas 
Teaervoir  of  life ;  whether  as  an  ak)3orbeat,  a  radiator,  or  a 
coiidurtor  of  heat,  or  even  ii$  merely  covering  the  ground,— a 
forest  1ms  a]  I  influeuee  on  the  tempertiture  of  the  air  aud  e-fiuth 
which  dc-manda  careful  ■considrratioa.  If  we  represent  the 
power  of  calcareous  sand  to  retain  heat  by  100,  Tve  shall  find 
that  iirable  calcareous  soil  may  be  represented  by  74-3,  ai^l* 
laceous  earth  by  08-1,  garden  earth  by  (i4'6,  and  humus  by  40. 
It  follows  that  if  a  sanJy  sod  be  stripped  of  wood,  the  local 
temperature  will  Im  raised;  while,  if  the  soil  consist  largely 
of  hamus,  the  dilferenee  iu  this  reapoct  will  be  small.  li\x\ 
tbere  will  ahvaye  b«  a  difference.  It  will  be  evident  that 
exti'iit  of  suriate  exposed  must  in  all  eaaes  be  uinch  gna 
^vhen  gi-nuud  is  coverid  with  vegetation  than  when  it  is  bare. 
Trees,  however,  net  in  many  ways,  not  only  as  good  eoudu*toi 
of  heat  but  as  helping  to  prevent  radiation,  both  of  heat  a 
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moistare,  owing  to  the  large  gui'fdce  of  leavsa  they  expose 
between  the  eartli  antl  sky 

In  Italy,  the  clearing  of  the  Apennines  in  believed  to  have 
reaUy  aH'ectL'd  tho  cJitniite  of  thy  valley  of  the  Po,  the  result 
ing  that  the  scirocco  now  pre viiiln  greatly  on  tbe  right  bank 
of  that  r\vn-¥,  hi  the  tpn-itoty  of  purma,  and  in  part  of 
Lombardy,  wlieie  fofmei'ly  it  is  belicvt^d  to  huvi?  beeu  lui- 
kuown-  The  same  ia  the  case  in  Modena  and  Rfggio.  In 
these  districts,  in  plncea  where  straw  roofa  ouce  resisted  tbe 
winds,  tiles  ai-e  now  hardly  sufficient  In  others,  whcxe  tika 
were  usad,  large  slabs  of  stone  are  ineffectual,  and  in  nflany 
Beighbounug  Mmrauues  the  grapes  and  grain  are  often  swfpt 
off  by  the  blasts  of  the  south  and  south-west  winds.  On  the 
other  hand,  it  ia  recorded  that  when  the  noble  pine  fort^sta 
near  Riiivenua,  about  twt!nty-two  miles  long,  wi^re  cut  do*L"™, 
the  nei^hboui-hood  was  fou»d  to  suffer.  The  wood  was  after- 
ward allowed  to  \frov,',  and  th*'  eity  ia  now  relieved  from  the 
scirocco  and  restored  to  its  old  climate.  Another  well -attested 
change  of  climate  is  recorded  in  Italy,  When  English  iron 
was  t'xuWed  from  that  countiy  uuder  the  influence  of  Ka[>o- 
leon  I.,  tbe  furnaces  of  the  vulleys  of  Bergamo  wert;  stimulated 
to  great  activity,  "  The  ordhiary  production  of  chareoal  not 
sufficing  to  fettii  the  furnaces  und  the  forges,  the  woods  were 
felled,  the  copses  cut  befL*re  their  time,  aud  the  whole  economy 
of  the  forest  was  deranged.  At  Piazza  Torre  there  was  such  a 
devastation  of  the  wood,  and  couaequently  such  an  increased 
Bt^venty  of  climate,  that  naaiae  no  longer  ripened.  An  asso- 
ciation, formtJ  for  the  pm'j>os'e,  reatoreil  the  forest,  and  maize 
flourished  again  in  the  fields  of  Piazza  Torrid "* 

Similar  resnUy  have  been  obtaiued  in  Belgitim^.  By  planting 
trees  on  tbe  right  bimk  of  the  Scheldt,  where  before  there  was 
no  vegetation,  an  etTeetual  shelter  was  soon  formed,  and  the 
result  hss  been  to  render  fertile  huge  tracts  of  l«nd  formerly 
waste.  In  France,  there  seems  no  doubt  that  the  removal  of 
the  forests  on  the  Vosges  sensibly  deteriomted  the  climate  on 
llie  plains  of  Alsace,  and  the  forests  of  the  Cevennea,  destroyed 
under  the  reigu  of  Augustus,  are  said  to  have  kept  off  the  tjhV 
tralf  or  north-west  wind  from  the  lai^e  and  rich  tracts  near  the 
mouth  of  the  Khone.  Since  then*  the  olive  has  retreated 
many  leagues  ;  ihe  orang*  is  confined  to  a  few  sheltered  jwints 

*  a.  Rosa,  ia  *'J1  PoUteonico,"  DewsmbCT,  IftSi,  ^.  ^\^- 
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(in  l!he  coast,  and  fruit  trees  can  liardly  be  reared  in  places 
where  tbey  wtre  formerly  easy  of  growth  and  very  prolific- 
Forests  also  checlt  the  niovemenis  of  winds,  and  ihtia,  in  a 
sensible  dt-gree.  diminish  culd.  In  Canada,  aad  the  uorlhem 
states  of  America,  the  engiDeera  a,ud  firemen  of  ]ocom<jli»e3 
emiiloyed  ou  railways  ruuuitig  tbiuugh  extenisive  foreblo*  find 
it  much  aiisier  to  keep  up  eteam  while  the  tniiii  is  passing 
through  tlie  woods.  As  soou  as  tlie  train  emerges  from  thia 
shelter,  it  ift  necesaoiy  to  supply  fuel  liheraliy,  to  bring  up  the 
heat. 

It  is  very  difUcuU  to  decide  absalutely  as  to  whether  climate, 
in  any  part  of  the  world,  has  really  aiid  permancutly  changed ; 
but  certiiinly  the  general  testimony  of  experience  and  all  his- 
torical acrounte  to  whicli  we  can  refer,  point  to  this  as  a  con- 
clusion, (renerallj^  throughout  the  north  temperate  7,oue,  the 
summcrB  seem  to  hf.  cooler,  moister,  and  shorter ;  the  winters 
milder,  drier,  and  longer  than  they  were  when  forests  covered 
the  greattr  part  of  the  land.  Thp  rivers,  also,  and  streams 
have  become  mor^  irrt^gidiLr :  passing  into  torrents  iu  summer, 
and  dtying  up  iu  wiater. 

With  nigard  to  the  influence  of  forests  on  rain,  it  has  been 
vprv  distinctly  shown  in  tropicfJ  countries,  and  cannot  be 
doubted  in  the  temperate  olimatt.!8  of  the  northern  hemisphere. 
In  wooded  and  undrained  conntrins,  the  atmosphere  is  gene- 
rally humid,  and  rain  and  dew  fertilise  the  soli,  and  the  re»uh 
is  similar  in  ifcJ  nature  to  that  produced  by  tkie  vicinity  of  a 
grtat  ocean.  The  absence  of  wood  i&  a  great  canae  of  the 
aridity  of  Spain.  In  France^  muny  districts  havft  suHV-red  by 
dealing.  Since  the  extensive  clearings  between  the  Spree 
and  the  Oder,  the  inhabitants  complain  that  the  clovtr  crop 
is  much  k-ag  productive  than  before.  On  the  other  hand,  ex- 
amplea  of  the  henefioial  inHuence  of  plantiug  and  restoring 
woody  are  not  wanting.  In  yeothmd,  where  many  miles 
square  have  been  pkntedfthe  effect  has  already  been  manifest, 
and  ill  southern  France  similar  obsenfttioiis  have  been  onade. 
In  Lower  Kg^^pt,  both  ftt  Cairo  mid  Alexandria,  imn  formerly 
fell  very  SLddora  in  considerable  quantity.  Thus,  during  ihe 
French  oecupation  of  Egj'pt,  about  1798,  it  did  not  rain  for 
sijtteen  months.  Since,  however,  Mehetneil  Ali  and  Ibrabioi 
Pacha  completed  their  viujt  plantiitions.  (the  former,  alone* 
having  phmted  more  than  20  millions  of  olive  and  fig  trt'ea, 
cottoa-wood,  OTau^t^a,  %ca£.iB&v  ^I'^^ua^-,  &C'U  there  now  fulls  n 


good  deal  of  rain,  eepccially  along  the  <poa&t,  in  tlie  mouths  of 
November.  Becemlier  aiid  January,  iiw\  even  at  Cairo  it  raius 
both  more  frequently  ami  more  abuntiantly — sbow^rH  being  no 
larity.*  BaVtiriet,  in  his  "  Eludes  at  Leeturea  stir  les  Scieneea 
d'Ohserrfttiou,"  testifies  to  the  sftuie  fiict  in  Egj|>t.  Others 
have  disputed  the  fact,  but  it  seems  tliat  the  general  impression 
is  that  such  is  the  resiilt,  tilthouj^h,  no  doubt,  accurate  oLser- 
vations,  continued  over  a  long  term  of  years,  Tvouldbert-quirfed 
to  determine  the  parti<5ulars  eatigfm-torily. 

Forests  affect  the  supply  of  water  to  springs,  for  they  protect 
the  fallen  rain  from  evaporation,  and  give  it  time  to  sink  far 
into  the  interior.  Many  cases  are  recoi'ded  in  Americfi,  upou 
the  best  authority,  of  Btrenms  flowiii;^  from  woods,  diminish- 
ing both  in  number  and  volume  as  the  woods  were  removed, 
Mr.  JCarsh  states.  "I  remember  one  case  where  a  smill 
mountain  spriug.  which  diaapptareJ  soon  after  tlie  clearing  of 
the  ground  Ti'here  it  rose,  was  recovered  about  ten  or  tivelve 
yairs  0^0,  by  simply  allowing  thti  bushea  and  young  trees  to 
grow  up  on  a  rocky  knoll,  not  more  than  half  an  acre  in  extent, 
immediately  above  it.  It  has  since  continued  to  flow  ^l^iRte^ 
rujitedly."  Abundant  and  striking  evidence  as  to  this  question 
is  given  by  numerous  observere.  Thus,  Valles*  and  Boussing- 
ault|  have  quoted  a  number  of  eases ;  the  latter  writer  pointing 
out,  more  eapecially.  that  even  if  the  common  opinion  that  the 
felliug  of  woods  diminishes  the  rain-fall  is  not  true,  there  ia  at 
least  a  marked  difference  in  the  mode  of  its  action  on  the 
earth^B  Burfitce.  He  raentionst  as  resting  on  tlie  best  authocityt 
the  case  of  the  valley  of  Aragua.  ia  Venezuela,  (South  America)* 
The  valley  is  shut  in,  and  several  rivers  entering  it  form  a.  lako 
about  the  size  of  the  lake  of  Neachatel,  at  an  elevation  of 
1,460  above  the  sea.     The  facta  are  ciirioua  and  interesting. 

At  the  time  of  Humboldt's  visit  to  this  valley,  in  the  year 
1800,  there  was  a  pojiulation  as  deuse  as  in  any  of  the  best 
peopled  parts  of  France,  who  hnd  cleared  the  surrounding 
country  of  wood,  and  for  thirty  years  the  lake  had  been 
gradually  louenng.  Thua.  in  1565,  the  town  of  New  Valencia 
was  formed  on  its  banks,  half  a  league  from  the  lake  ;  and  at 
the  time  alluded  to  (1800).  the  distance  had  become  about 
three  miles  and  a  third,  the  waters  having  receded  nearly  two 

*  "  Aabjiirtiaen,"  a^  quotficl  by  Murali,  p.  189. 
+  **B(.adea  tsur  ioe  InoudatioriB,"  ip.  473. 
i  "  Bconotaie  £ural&,"  Chap,  xx.,  «QQt.  4. 
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milea,  Tho  iiiterremTig  ground  was  coTered  vnlh  plantations, 
and  many  liillgc-ks  on  this  jiart  retaiued  the  uaiiies  of  the 
wlaxida  of  wiiieh  tbey  had  premualy  I'ormed  part.  There  waa, 
however,  no  outlet  reacliing  the  ocean.  T\venty-t\70  ye&rs  after 
Humlioldt's  visit,  M.  Boussingault  visited  the  valley,  acJ  found 
that  the  \\atfir3  were  gaining  on  the  land..  Islands,  once  cul- 
tivated, had  btcorae  mere  sIiohIs*  Cultivated  grounds  were 
euhinerged,  and  the  inhftbitants  were  dreading  that  they  sbouli 
be  drowned.  The  political  events  that  had  intervened  haA 
caused  &n  intfimipiiou  of  labour,  and  the  forests  had  regttined 
their  strength.  ^'  At  the  time  of  the  growing  prosperity  of  ite 
Valley  of  Aragua,"  says  M.  Bous^in^ault,  "  the  principal 
affluents  of  the  lake  were  diverted  to  serve  for  irrigation^  anJ 
the  rivers  were  dry  for  more  diiio  sis.  months  of  the  year.  At 
the  period  of  pjy  visit,  their  waters,  do  longer  employed, 
flowed  freely."  The  same  nulhor  refere  to  several  other  very 
marked  examples  of  the  rapid  lovrering  of  the  waters  of  tafcea, 
where  adjacent  forests  had  been  cleared  away. 

The  inevitable  residt  of  the  clearing  away  of  forests  over  a 
large  tract  of  country  must  be,  that  during  one  season  the 
earth  parts  more  rapidly  than  before  with  ita  heat,  by  radiation; 
at  another,  it  receives  an  undue  supply  from  direct  ex]>osure  to 
the  9un.  The  soil  i&  altenialely  parehei  in  summer  and 
chilled  in  winter.  The  prtcipitatiun  of  rain  becomea  less 
regular.  The  surface  becomes  more  and  more  exhausted  of 
the  elements  of  a  good  soil.  The  uplands  become  rapidSy  rfi- 
moved  by  degradation  :  the  lowlands  are  injured  by  (orrenta 
covering  the  soil  with  roi:ky  fragments ;  the  channels  of  ths 
riveK!  are  choked,  and  their  mouths  interrupted  by  bars.  A 
few  exceptions  to  this,  and  the  fact  that  in  certain  districts  thu 
climate  does  not  seem  to  have  been,  seriously  deteriorated 
within  the  historic  period,  do  not  prevent  the  general  coucIq- 
sion  here  given  from  being  correct. 

It  is  certain  that  man,  hy  removing  forests  in  all  those 
countries  in  which  he  is  largely  and  successfully  established, 
hag  done  much  to  modify  the  climate,  not  only  of  his  own  but 
often  of  distant  lands.  And  the  result  is  cot  confined  to  what 
is  seen,  for  the  consequences  extend  far  on  into  distant  tima* 
and  produce  modifications  of  which  no  one  can  trace  the  eni- 
In  the  Alps,  where  the  clearing  has  been  pertinaciously  cajried 
on  for  centuries,  the  effects  ara  very  serious,  not  only  the  hu- 
man popuiation.  la-gxiVj  ^xium'sAMn'j,,  Wt  the  whole  face  of  the 
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lower  country  beiDg  filtered,  In  the  Apemiines,  as  we  liave 
seen,  the  ease  Ls  the  aame.  Witli  regard  to  South  America, 
the  proof  has  just  been  laid  before  the  reader.  In  SpaiDj,  it 
is  certain  that  the  climate  is  more  excessive  than  formerly. 
There  is  no  doubt  that  in  every  country  where  fop&sts  have  been 
cleared,  a  similar  result  might  in  some  degree  b^  traced. 

To  understand  the  full  amount  of  operations,  such  as  have 
been  narrated,  it  is  necessary  that  the  readier  should  bear  in 
mind  the  transporting  power  of  running  water.  This  has 
been  slrendy  considered,  and  instances  of  it  have  frequently 
been  recorded.  It  is  impossible  to  urge  too  strongly  die  im- 
portance of  a  due  attention  to  figures  iu  the  determining  the 
value  of  a  foree ;  and  it  is  certain  that  the  more  aeeuratftly 
the  facts  are  ftscertained  Uie  more  rapidt  efficacious,  and  in- 
evitable, will  the  existing  causes  of  <:hange  on  the  earth  he 
found,  and  the  more  clear  vi'iW  it  be  that  in  removing  forests 
on  a  lai'ge  scale  man  has  done  more  to  modify  the  eailh  than 
can  be  at  all  estimated,  either  now  or  at  any  future  time. 

The  actual  quantity  of  woodland  required  to  seems  for  a 
country  or  a  continent  the  beat  climate,  cannot  be  determined 
without  much  careful  consideration.  In  France,  iii  1760,  the 
quantity  of  surface  covered  with  woods  was  calcuhited  at  more 
than  40  millions  of  English  acres.  In  lyOO  this  quantity 
was  reduced  to  -iO  millions-  The  total  area  of  France  is 
about  I  30  milli^>n3  of  acres.  It  is  believed  that  if  the  distri- 
butiou  were  well  arranged  the  larger  of  tli^se  two  areas  would 
not  be  in  excess,  under  the  oUmatal  conditions  of  France  and 
tho  nature  of  its  surface  and  soil.  In  other  countries  a  dif- 
ferent proportion  of  the  area  would  bo  needed,  and  in  the 
British  Islands  the  vicinity  of  the  sea  and  the  nature  of  the 
prevalent  winds  render  almost  unnecessary  those  protecting 
inlluencea  which  in  the  interior  of  a  continent  are  bo  neces- 
sary. 

But  it  IB  not  only  by  the  removal  of  forests  that  human 
agency  is  felt  m  nature.  It  is.  no  doubt,  a  result  of  the 
advance  of  civilisation,  that  man  should,  in  his  need  of  soil,  of 
timber,  and  of  fuel,  destroy  in  few  yeara  the  growth  of  cen* 
turies.  convert  by  this  means  a  district  abounding  with  lil'e, 
both  vegetable  and  animal,  into  a  sterile  ti"act  of  naked  rock, 
and  injure  permanently  the  plains  at  a  distance  of  acorey  or 
even  hundreds  of  miles.  But  he  no  sooner  occupies  &  pro- 
miaeut  place  among  the  inhabitants  of  a  district  thau.  Us  tui<fe 
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it  necessary  of  convenient  to  act  yet  more  directly  in  UieT^ 
of  coerciuf;  uature  to  leud  lierseU  to  bis  Ecliemes.  By  in* 
creasing  the  erosive  actioa  of  runaing  streamg  and  the  con- 
Teying  power  of  water — the  results  of  tie  clearing  of  mouBtEin 
Bides — hfi  has  often  caused  the  extension  of  a  coast  line  lo 
wards  the  ^ea.  the  tilling  up  or  th6  draLniag  oS  of  lakes,  and 
the  shifting  of  the  beds  of  streama.  He  has  also  occaaioaflllT 
by  artifi*3ial  embankments  limited  and  divertied  the  coorse  of 
rivers,  rescuing  parts  of  the  land  near  the  sea  from  tidal  over- 
flow, and  tlius  produced  tracts  of  arable  laud,  where  before 
there  was  only  a  salt  marsh.  No  doubt  iLe  quantity  of  boi! 
thu3  gained  Jn  a  term  of  years  is  small  compared  with  the 
whole  exiating  land,  but  it  ia  not  therefore  nn important,  lo 
this  case,  as  in  th«  case  of  forests,  a  very  small  poajrife  and 
permanent  alteration  of  any  kind  may,  and  even  must,  in- 
volve: further  change.  One  thing  leads  easily  to  another,  ^li 
after  years  have  elapsed,  th^i  result  of  insignificant  chauges 
may  amount  to  a  total  worthy  of  notice  among  the  larger  phe- 
nomena of  natnre. 

The  draining  of  fens,  and  other  low  tracts  of  land  near  tie 
nsouths  of  rivers,  or  on  a  coast  line,  is  one  of  the  works  lij 
■which  man  largely  intlueuces  nature.  In  England  the  Lm* 
colnehire  and  Cambridgeshire  ft-ns  hicluded  nearly  half  & 
milhon  of  acres  of  mareli,  pool,  and  tide-washed  Hat,  all  of 
which  is  now  converted  iiiio  at'able  land  and  patiiurage.  This 
work  is  identical  in  cburHOter  with  the  reclamation  of  the  fens 
on  the  opposite  shores  of  the  German  Ocean,  commeaced  pro- 
bably more  than  a  thousfuid  veal's  ago.  They  are  cenaialj 
as  old  as  this,  even  if  the  Romans  did  not,  as  has  sometimes 
been  supposed,  coustnact  aea  dykea  on  the  shores  of  lincoln- 
shire  or  HoUand- 

The  totfil  gain  of  land  by  dyking  in  the  Low  countries » 
estimated  by  the  recent  Dutch  author,  W.  H.  Staring,  (Foor- 
tnaals  en  Tiuit/s)  ataboutnine  hundred  thouaaud  English  acres, 
or  one-tenth  the  area  of  the  kingdom.  Most  part  of  this  is 
gomewhflt  above  low  water  level,  but  the  whole  is  sulject  W 
inundation  in  case  of  an  accident.  Such  accidents  have  oc- 
curred from  time  to  time.  Ring  dykes  are  con&tructed  on  a 
gigantic  8cale»  to  form  a  first  and  outer  bulwark  agahist  the 
sea.  Theae,  however,  graduially  sink  in  the  soft  mud,  flcd 
when  raised  by  fresh  eonstructions,  the  increased  weight  ™fy 
amka  them  lower.     It  ia  said  that  in  some  places  they  have 
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gradually  sunk  to  the  depth  of  from  sixty  to  a  hundred  feet. 
Thus  tho  expeniiiture  of  time  and  labour  has  been  mach 
greater  thaii  appearances  would  lead  one  to  suppose.  It  muat 
•Iso  he  borne  in  mind  that  there  has  bt^en  an  enoi-mous  !oas, 
chiefly  of  poor  lands  ivithout  much  soil,  owing  to  the  en- 
croachmenLs  of  the  3ea»  and  the  Beglect  of  certain  dykes. 
There  has  aiso  been  &  great  loss  by  the  removal  of  soil  once 
gained. 

The  sea  is  constantly  forming  new  hanks  at  certain  points 
of  the  coast  favoiarable  for  the  deposit  of  sand  and  earth,  and 
the  etratum  of  sond  with  shells  thus  olitained,  serves  as  the 
ibundfttion  for  dykes.  The  instant  such  banks  ate  above  the 
low-water  level,  reeds  grow  upon  them,  and  rnndi  mud  ia  en- 
tangled among  the  roots.  In  this  way  high-water  level  is 
reached,  and  then  grasses  grow,  and  the  erabankmentg  are  safe. 
These  first  embankments  are  conatructed  of  sand  and  earth 
bound  together  by  fascines  and  provided  with  sluicea.  The 
sluices  are  the  mo.'it  expensive  part  of  the  work,  as  they  are 
constructed  with  pil&s,  and  are  intended  to  be  open,  at  low 
watei".  The  dykes  slope  outwards  very  genily,  but  the  crown 
of  the  dyke  is  steeper.  The  height  and  thickness  vary  ac- 
eordina  to  local  ci re uni stances  of  tide  and  wiud,  but  they  are 
generally  from  If*  to  '^0  feet  above  high- water  maik.  Many 
of  the  pnncipal  dykes  are  strengthened  by  piles  driven  deeply 
down  into  the  bed  of  the  sea.  Thus,  along  tlie  coast  of  Fries- 
landv  where  no  dunes  exist,  the  dykes  afe  on  piles  for  a  dis- 
tance of  150  miles,  and  these  pilea  are  tied  together  by  cross 
timbers  and  iron  clamps,  the  interstices  being  ftlled  with  stones. 
One  of  the  dykea  (the  Great  Helder)  is  about  -40  feet  wide  at 
the  top,  along  which  runs  a  good  road.  It  slopes  down  300 
feet  iuto  the  aea  at  isn  angle  of  40°.  At  certain  distances  im- 
mense buttresses  run  out  several  hundi-ed  feet  into  the  roUin^j^ 
ne^.  This  gigantic  artificial  coast  is  entirely  composed  of 
Norft'ay  gianite. 

Tho  soil  thu9  preaerved,  though  originally  not  above  high 
water  level,  will,  if  not  sinking  or  accideutally  injured,  gni- 
dually  acquire  height  by  the  effect  of  continued  vegetable 
growth ;  but  there  ia  often  a  shrinkage  and  settling  of  the 
earth  that  more  than  counterbalances  this  gain.  In  most 
cases  it  is  uectjjsary  to  make  une  of  wind-power,  working 
pumps  which  lift  the  water  to  a  higher  level  and  hito  a  chanael 
hy  which  it  can  be  conveyed  to  tiae  sea.     Steam  engines  ore 
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now  vpiy  largely  used  for  sia-h  purposes.  In  the  diHiosge  of 
the  ial^e  of  Haarlem^  receutlj  effected,  tlie  prtucipsl  ei^ne 
was  of  ftOO  horse  power,  aud  drove  uleveu  jmrnpa*  making  sis 
strokes  per  minuty.  Each  pump  raised  eight  cubic  jiirds 
(1.3'-i0  gallons)  to  the  sti'oke,  making  iiltG^ether  120  millioua 
of  gfdloua  per  diem.  The  lake  was  tiboiit  fifteeu  miles  in 
length  bj  aoven  in  greatest  widthj  and  iwvered  an  area  cf 
45,000  miles.  It  bad  long  been  in  a  dangerous  state,  vrlien, 
la  Deeeraber,  1830,  it  burst  ity  biuners and  ovorflowed  QO.UUO 
acres  of  land  at  tins  southern  extremity  of  the  lake;,  The  tain- 
chief  done  was  great,  and  it  was  felt  that  the  time  was  oome 
when  the  cause  should  be  prtvented.  The  work  of  enclosing 
the  lalie  with  arii:g  dyke  was  comrai^nced  in  1^40,  and  lasted 
eight  years,  after  which  the  draining  occupied  five  ytats,  wLen 
ihe  lands  were  sold.  The  cost  of  the  operaition  was  £7ri4.5[)n, 
and  the  loss  to  the  State  may  be  i.atjmated  at  about  i;lUU, 000, 
a  result  thought  favourable.  There  cannot  be  a  doubt  ibat 
the  exiatence  or  otherwise  of  a  large  extent  of  low,  flat  land, 
near  the  mouth  of  n  great  river,  cannot  but  have  mat*!rial  id* 
flueiice  on  the  adjactut  coa&t.  The  force  of  the  tidal  wave, 
the  direction  in  which  it  acts,  the  local  currents,  the  coufigu- 
Ffttion  of  the  coast,  the  depth  of  water  near  shore,  and  the  form 
of  the  bouom, — are  all  jifTetled  bj  changee  produced  on  the 
coast  by  wny  of  embankment. 

Works  have  been  carried  on  from  time  to  time  with  the  view 
of  draining  lakes,  either  for  the  recovery  of  lands  till  then 
permanently  submerged,  or  for  preventing  accidents,  by  the 
&iiddeu  intirease  of  volume  of  such  hikes.  Such  works  were 
imdi'ttflken  on  a  large  scale  by  the  Romana,  in  Italy  ;  and  the 
nrplus  waters  of  the  Lake  Albano,  about  fourteeii  miles  (rom 
Rome,  whose  present  level  is  900  feet  above  the  sea,  were 
drained  in  the  fifth  century  by  a  tuimel,  cut  entireJy  with  the 
chisel  through  hard  rock,  for  more  than  a  mile,  This,  tunnel 
still  answers  its  purpose.  A  much  more  consideruble  work 
was  the  drainage  of  the  Lake  Fuciuua,  about  fifty  miles  east 
of  Home,  escetdingly  malftjioua,  owing  to  its  vai-iable  heig^bt 
and  the  accumulation  of  decaying  oi'ganitj  matter  on  its  bed. 
Julius  Cfflsar  commenced  this  work,  and  it  was  partifdly  com- 
pleted by  the  Emperor  Claudius,  reatored  by  Httdiiiin,  artj 
continued  in  use  for  some  centuj-its.  During  the  middle  ages 
it  mm  ue^let'tfid,  aud  bag  recently  bceu  completed  once  mortf 
by  a  tnmiel  of  three  aud  a  half  milta.     The  water  will 
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"vented  from  rising  above  its  lowest  ordiuary  level*  and  it  ia 
telieved  Unit  40,0110  acrt?3  of  very  fertile  soil  will  thus  he  re- 
claimed. In  Chili,  A  smuJIIor  but  tqually  su4;c-4-sg.ful  opt^ratiou 
was  executed  in  referencii  to  tht^  Lake  Tugnatnga,  und  8,000 
acres  recbumed-  In  Switzerlrtiid,  tbe  Luke  of  Lnngern  was 
tbua  dniincd  not  along  iigo.  Thii.'  uonseijuencra  of  these  ojjsra- 
tioiig  oft«'H  involve  the  bivaking  dnwn  of  tb<.i  former  bfiuks, 
and  a  rapid  and  raniplete  change  of  ibe  features  of  tba  aur- 
roundlng  land.  They  are  also  sometimes  injurintis,  for,  by 
the  removal  of  small  mountain  lakes,  Tvhich  have  serred  as  re- 
servoirs, tbe  water-supply  of  districts  below  may  be  seriously 
interfered  with. 

Tbe  ordinary  draining  operations  carried  on  now  so  exten- 
sively and  syatematift&Uy  for  the  improvement  of  land,  cannot 
but  seriomsly  affect  the  conditions  of  the  soil  for  evaporahon, 
The  temperature  of  the  t;arth  in  such  diatncts  laust  he  raised 
and  the  distribution  of  tbe  rain-foil  atTected.  And  as  deep 
imder-drains  cany  off  tbe  water  imbibed  by  the  soil  from  pre- 
cipitation, and  in  other  ways^mucb  of  which  would  naturally 
have  moistened  the  rock  to  a  great  depth,  and  ultimately 
reached  the  aourc-es  of  springs,  coming  out,  perhaps,  at  a  great 
distance — it  eannoC  he  that  such  operations,  carried  on  over 
almost  tbe  whole  of  a  great  country,  can  fail  to  produce  a  per- 
manent change  in  the  distribution  of  thf  water,  and  thus  n[ion. 
climate.  Accompanied  by  irrigation  on  a  large  scale  the  effect 
would,  perhaps,  be  modified ;  but,  practically,  tlie  larger  opera- 
tions of  deep  draining  are  rarely  carried  on  where  ii-rigatiou 
is  needed. 

IrrigatioDf  however,  itself  requires  some  notice  as  a  human 
agent.  In  the  south  and  east  of  Europe,  in  As^ia  Minor,  and 
in  many  parts  of  Asia,  this  method  is  uniformly  and  systema- 
tically adopted  to  insure  an  increased  production.  It  ia  needed 
partly  from  tbe  natun;  of  the  summer  climate^  which  is  eon- 
tinuouaiy  dn-,  partly  from  the  porous  nature  of  the  soil,  either 
composed  of  gravel  or  of  porous  and  ffaetured  limt'Stone, 

There  can  be  no  doubt  Uiat  irri^fation  has  been  emjiloyed  ia 
the  Erisi  flora  time  immemoriiil.  Solomon  says,  "1  made 
me  pools  of  water,  to  water  therewith  the  wood  that  bringeth 
forth  trees.'' — Eccles.  ii.  tf.  Reservoirs  are  still  to  be  found 
in  all  tbe  ancient  seats  of  human  civilisaiti™,  and  the  fertility 
of  Palestine  may  be  aald  to  have  been  dependant  on  the  keep- 
iug  up  of  these  meaua  of  irrigation.     In  the  south-east  of 
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fepain,  wliere  there  is  irrigation,  there  are  abundant  crops; 
whero  water  ia  absent  or  not  useJ,  th«.Te  is  a  desert,  Jii  Tur- 
,  kty,  alt^o,  the  lands  are  ilooded  a  uumber  of  tiroes  every  season, 
i  to  ensure  n  good  crop,  and  an  area  of  nearly  O^OoQ  square 
mileH  of  E^ypt  may  be  said  to  depepd  on  the  sanae  means.  ^M 
Tbo  rosull  of  this  upon  the  water  ctrarses  is  very  iraportano^ 
]u  Lombftrdy,  ten  thousand  milhons  of  gallons  of  water,  a 
quantity  equivalent  to  the  entire  volume  of  the  river  Seine  ia 
its  averflge  :state,  is  saiti  to  be  daily  removed  from  tbf  l*o,  to 
water  an  area  of  about  1,^60,1100  acres  of  land.  The  amouiiE 
of  wftter  applied  vtirioa  from  37  inches  to  as  much  as  300  in- 
ches of  water,  and  is  spread  over  the  whole  season.  It  m\\  net 
surj^rise  the  reader  after  this  to  learn  that  in  mauy  parts  of 
Spain  where,  under  the  Moors,  iriigation  was  ailopted,  and 
where  it  is  still  hirgL-ly  carrkd  out,  almost  the  whole  supply 
of  very  large  rivers  la  absorbed,  and  the  quantity  they  carry  to 
the  aea  reduced  to  a  stream  so  aniiiU  that  iL  can  be  wiided 
(lerosg.  In  the  geogi'aphy  of  rivers,  irrigatiou  ia  capRble  of 
prDdiiciny  an  lenoi'mous  ohange,  uud  iu  othyj'  re.apt^ta  it  grestly 
affects  the  condition  of  the  smfaije.  In  diatriets  where  cro' 
are  pi  on  ti  fully  irrigated,  the  salubrity  of  the  climate  ia  ofti 
greatly  interfered  with,  owing  to  the  raixtnre  of  decaying 
organic  matter  witli  the  damp  aii-  rising  from  the  grouud,  and 
the  climate  is  in  other  respecta  altered.  In  many  paita  of 
northern  AfHca  there  are  iippearances  of  eSoresceoce  on  dis- 
tricts now  corapletely  and  hopelessly  faarreu,  which  seem  to  be 
the  result  of  former  iirigatiou  on  a  large  &cale,  and  these  nmai 
be  added  to  the  results  of  this  int^ifereuce  with  nature  effected 
by  human  agency. 

Emiiaukmentsareinflue:ntial  agents  introduced  by  man,  and 
serving  to  regulate  (and  thus  greatly  interfere  vrith)  the  uatunJ 
foni'se  of  streams  by  preventing  iuundatiosa,  which  often  in- 
.Jure,  tliough  they  sometimt^a  imprave  the  districts  in  whicli 
they  occur.  Heservoira  and  pooln  keep  back  a  portion  of  the 
Rood  waters  of  mountain  Btreams,  and  reaen-e  the  water  tu  be 
afterwarda  more  slowly  delivered.  Much,  may  in  this  way  be 
done  to  prevent  the  great  and  terrible  evils  of  inuj^dalions. 
ami  also  to  render  available  water  that  \Fould  othervviae  run  off 
useltssly  to  the  sea.  Artificial  channels  may  conduct  the 
wateia,  naturally  flowing  in  one  direutbu,  into  another  stTL;; 
B  or  ViiUey  where  tlie  facilities  of  storage  or  of  getting  away 
^waters  are  gi'eatei".     Such  canaltj  have  often  beijn  resorted 
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lib  more  or  less  success,  in  refr-rencp  to  this  raatter.  In 
some  pases  theybuve  been  elYectcd  uatumUy.  Thus,  the  river 
rdeche  at  sutne  distant  period  cut  a  chauuel  for  itself  through 
roch,  deserting  its  former  bed,  ^vhich  has  lo;ig  been  filli  d 
up,  though  it  is  still  traceable.  In  th<?  floods  of  1837,  how- 
ever, the  tunjieil  thn^i  fornn^d  was  ffiuud  insufficient,  and  tlie 
rivfr  regained  its  orit;ind  course.  \z  is  Ititowii  that  higtiv 
rivei's  have  at,  variouB  times  deserted  ditir  cbaitnels,  imd  nnL 
iinfr«.qu«itly  new  cluuiut'ls  have  been  provided  I'or  tbt;  con- 
Yenienee  of  man.  or  for  yome  special  purpose. 

The  Vid  di  Cbiana,  in  Tuscati^y,  atfords  ?i  \aluriihlt!  instaiirfl 
of  the  result  of  human  ingenuity,  in  diverting  a  stream  fvom 
its  natural  course,  reclaiming  a  cocsiderable  tmct  of  Jnud  fivra 
barrenness  to  fertility,  and  improving  tlie  saluhrity  of  the  cli- 
mate of  a  krge  district.  This  valley  iutcrvenes  between  the 
npper  waters  of  tlie  Aruo  arid  the  Tiber,  and  the  waters 
formerly  floiveJ  into  the  Tiber,  In  tlie  r^Jiddle  Ages,  and 
down  to  the  eighteenth  century*  the  Yal  di  Chiana  va&a  often 
devsatated  hy  the  torrents  pouring  down  froai  the  Apeuuines. 
depositing  groat  ([tuintiti*:^  of  slime,  and  grnduiilly  converting 
the  whole  valley  into  an  uuhcnlthy  and  desolate  niarah.  The 
level  of  the  valley  was  gradually  rising,  and  a  number  of  pLmds 
and  small  lakes  forming.  In  the  seventeenth  oentury,  al'tci 
cousultinfi  all  the  tminent  engineers  of  the  day,  Torricelli 
suggested  ihiit,  by  controlling  the  How  ol"  the  torrents  entering 
the  valley,  iind  causing  them  to  dep^Jtiit  sediment  at  certain 
places  Only,  tlie  level  of  the  area  rai^ht  be  raised  and  niodilied 
in  such  a  way  as  to  cause  the  water  to  flow  evenly  and  regu- 
larly dovvn  a  ymglo  channel.  For  this  purpose  the  river  Amo 
was  selected,  flud  the  watt^r  was  made  to  enter  as  far  down  as 
1  poaBible.  In  thiy  way  and  at  small  expense  nature  haa  been 
[  30  regulated  by  man,  even  in  these  wilder  and  generally  un- 
governable movements,  aa  to  have  secured  for  cultivation  some 
450  Square  miles  of  worse  than  useless  hmd,  converting  it  into 
valuable  and  healthful  soil.  Thi^  course  of  a  sU'eam  ha?  been 
in  some  measure  reversed,  and  what  wjia  onee  miscbievous  and 
'  destructivt!,  has  been  rendered  safe  and  usetul, 
*  By  varioiLS  means,  and  occasionally  to  a  very  important  ex- 

tent, man  has  thus  sometimes  succeeded  in  chei.Idng  the  imtural 
course  of  Ktreama,  preventing  ihem  from  carryiii)^  avvtiy  their 
/       banks  atld  shifting  th*^ir  coui'se.     Even  hi  the  case  of  sands, 
^r^rhich  maybe  regarded  as  dry  livei-s,  and  which  in  some  cqhii- 
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tries  serre  njs  barriers  against  the  waves,  bat  in  otbets  are 
themselves  blown  onwards  bj  prevalent  winds,  it  has  bBen 
found  impossible  aamelimes  to  check  the  advance.  ITiia  k 
sometimes  extremely  important,  as  blown  saods,  in  more  than 
nne  instance  on  record,  have  destroyed  cultivation  and  over- 
whelmed wholo  diatricta, 

Large  deposits  of  loose>  fine  sand  ucctir  in  miuiy  parts  of 
the  world,  under  various  geological  and  geographical  condi- 
tions. In  the  great  Sahara  and  other  desei'ta,  as  weli  as  on 
the  shores  of  the  German  Ocean,  the  Bajof  Biscay,  and  othw 
coasts,  theae  phenomena  may  be  studied.  Pure  siliea  santfa 
aro  always  barren,  and  often  very  destructive.  Originally  pro- 
duced by  the  action  of  the  sea  in  rolling  and  rubbing  stones 
imd  rocks  to  powder,  theynre  sometimes  troublesome  when  far 
removed  frowt  the  sea.  They  may,  however,  often  be  checked 
while  still  in  progress  of  formation  on  its  shores.  It  has  bc-en 
ealculiitedthat  the  annual  increment  on  the  shores  of  Gascony 
is  not  less  than  SSO  cubic  feet  of  sand  to  the  Tanning  foor  uf 
coast  line.  The  total  quantity  thrown  up  in  a  year  on  tlua 
L'oaKt  ia  estimated  at  nearly  eight  nuUiona  of  cubic  yards,  or 
more  then  12  millions  of  tons.  All  this  is  subject  to  the 
tictjon  of  prevalent  winds,  by  which  the  sand  is  moved,  not 
always  with  the  enrae  rapidity,  but  steadily,  miceasingly,  and, 
it  might  bo  thought,  uncontrollably. 

This,  however,  is  not  the  case.  In  the  desert  the  palm  is 
resorted  to,  not  without  partial  success,  to  stay  the  advance  of 
the  dry  torrent.  But  something  more  is  needed  where  the 
winds  are  sti'ong  and  blow  from  the  aea^  and  where  the  sea 
itiself  is  constantly  providing  a  ftesh  supply  of  material;  and  it 
has  been  necessary  to  devise  many  contrivances  to  resist  the 
advance,  and  fix  the  moving  sand.  Tn  ca-ses  where  this  cannot 
be  done,  the  formation  of  hills  for  the  aake  of  shelter  may  bo 
efficacious.  The  presence  of  such  hills  is  sometimes  not  less 
important  than  theii'  removal  when  cireumstanct/s  are  di  flerent. 
So  essential  are  engineering  operations  in  this  matter,  that 
there  is  a  whole  literature  on  the  subject  m  the  Dutch  Ian- 
guage,  and  many  valuable  memoirs  and  hoolss  in  German, 
Danish  and  French.  To  know  how  to  modify,  form,  fii  ar 
dissipate  advancing  sand  hills,  it  is  necessiu-y,  fii-st  of  all,  to 
ujidei'stand  clearly  thniir  formation  and  the  laws  tliat  usuwlly 
govern  them.  G.  P.  Karsh,  in  his  work  on  "  Man  and 
Nat^-ire,"  has  thus  briefly  stated  such  laws. 
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It  is  well  ku&wn  that  "  under  certain  conditions  sand  is  rc- 
cumulated  above  high  water  mark  oa  low  sea  and  lake  shores. 
So  long  as  t!ie  t^and  is  kept  wet  by  the  spraj',  or  hy  capillniy 
attraction,  it  is  not  disturbed  by  air  earreiits  ;  but  as  soon  as 
the  waves  retire  sufiicieutly  to  allow  it  to  dry,  it  becomes  the 
feport  of  the  wind,  and  is  driven  up  the  g^finily  sloping  beadi 
until  it  is  arrested  by  stonea,  vegetables,  or  otiier  obBtructions, 
and  thus  an  accumulatloa  is  formed  whic-h  confititutea  the 
foundation  of  a  dune.  However  slight  the  elevation  thus 
created,  it  serves  to  stop  or  retard  the  progresa  of  the  eand 
grains  which  are  driven  against  its  Bhoreward  face,  and  lo 
notect  from  the  further  influence  of  the  wind  th«  particles 

ime  beyond  it,  or  rolled  over  its  crest,  and  fallen  down  behind 
t."  The  shore  being  uneven,  the  conditions  of  exposure  dif- 
ferent, fliiJ  the  winds  variable,  eucb  banks  are  cunod,  broken, 
and  unequal  in  elevntion,  and  thug  there  result  &  nmuljer  of 
irregularly  pyramidal  or  conical  hillocks  connected  at  the  base 
by  low  ri  jges  with  each  other. 

The  ekvatioQ  of  such  hilla  varifis  exceedingly.  In  south- 
western Fiunce  in  sheltered  places  they  attain  a  height  of 
300  feet,  or  more.  On  the  western  shores  of  AiVica  they  are 
said  to  be  00(3  feet  high,  while  on  the  espofied  shores  of 
Sehleswi^,  Holstein,  and  Frieelimd,  they  range  only  from  'ZQ 
to  100  fe*t. 

Once  formed,  theae  hiUa  should  remain  wet.  They  are  held 
together  partly  by  mere  cohesion,  partly  by  tho  infiltration  of 
lime,  clay,  and  iron,  tendiog  to  form  hard  concretions  here 
and  there.  The  Sands  at  the  top  are  subject  to  be  occasionally 
blowc  away,  and  they  then  form  a  second  inner  series  or  belt. 
Within,  a  tendency  to  stratification  is  generally  evident,  and 
they  are  especially  liable  to  exhibit  felae  stratihcatiou.  There 
ajfi  also  alLematious  of  fine  and  coarser  sand,  with  occasional 
l;elts  of  foreign  material.  Owing  to  the  action  of  tho  wind 
they  are  formed  into  little  waves,  with  ridges  and  furrows  like 
those  of  water.  The  slofje  of  the  two  side:*  is  different,  Tbat 
towards  the  sea  or  prevalent  wind,  is  not  more  than  h'*  or  1 0'", 
while  on  the  sheltered  side  the  angli;  is  nearly  SH^.  Wliere  the 
waves  act  at  the  foot  of  such  hills,  their  seaward  facB  will  be 
imderniined,  and  wiU  form  a  vertical  cliff.  Inland  dunes  are 
leas  regular,  tlie  hillockw  being  less  oonnected.  They  vary 
much,  also,  in  different  parts  of  the  world. 

The  origin  of  dunes  is  very  ancient,  but  it  is  doubtfii' 
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whether  [n  sarae  cases  their  flii?tual  condition  has  nai  heen  tli 
result  of  the  cleahtig  of  fot(^t3  within  the  couati^.  It  woaltJ 
seem  that  their  natural  tendency  is  to  become  feed,  and  in 
that  case  clothsii  with  vegetation,  *  Thia  is  ilhistrated  by  the 
fomhtion  of  the  sand  hilla  covered  T\"ith  pine  forest  at  Area- 
thou  imd  other  places  in  tlie  Landes,  between  the  wine  dis- 
trict of  MedoG  and  the  Pyrenees. 

It  ia  by  taking  ad?aQtage  of  this  tendency  that  man 
somelimea  enabled  to  gain  the  mastery  over  Katore,  mid 
ftheUer  lands  othen\'ise  subject  to  diestrnction.  When  sucli 
lands  exist,  however,  they  must  be  regarded  as  in  a  condition 
of  unstable  equilibrium: — they  need  careful  supfiiTision  and 
management^  and  neglecit  mjiy  produce  great  miachief.  Thus, 
iQ  18'2,j,  owing  to  the  neglect  of  the  danes  On  the  coast  of 
Jathmd,  a  breat^h  was  made  by  the  eea,  converting  the 
Ujmfjoril  [formerly  a  hike)  into  a  sound,  und  the  norlhem  part 
of  Jutland  into  an  island.  All  the  fish  were  suddenly  de- 
atroyedt  and  even  aquatic  plants  [Zo^Ura  mnrina)  whose 
Imbitat  is  salt  water,  were  killed  by  the  sudden  change.  The 
neglect  of  certaiu  precautions  by  human  inhabitants  thus  in- 
volved a  depoait  of  animal  and  vegetable  organisms,  and  pro- 
ductd  a  diatiuei  geological  phenomenoDj  and  that  without  any 
sensible  change  of  the  land  surface. 

The  mode  hi  which  dunes  are  destroyed  is  either  by  ti 
direct  action  of  the  wavea  or  by  the  a^ieidental  forniaiioo  of 
cavity  admitting  the  accefis  of  wiod  to  the  interior,  by  which 
the  sands  are  first  dried  and  tli^en  blown.  The  result  of  even 
a  slight  accident  of  this  kind  may  be  fatal  to  the  existence  of 
A  wholo  line  of  dunes,  and  the  originating  caase  is  not  un- 
frequently  the  work  of  the  rabbira  that  burrow  in  them, 

There  are  three  ways  in  whidi  human  industry  is  applied 
to  the  aand  hills ;  first,  the  actual  creation  of  them  where  en- 
croacbmenta  of  the  sea  are  threatened ;  secondly,  the  main- 
tenance aud  protection  of  them  when  once  forra,ed,  whethw 
naturally  or  aftilicially ;  and  thirdfy,  the  removal  of  the  inn<  " 
rows  when  the  main  outwork  ia  perfectly  secure. 

It  IB  singular  to  obser^'e  how  ^av^  small  a  protection  -will, 
under  certain  circumstauces,  become  a  useful  foimdatiou  for  a 
row  of  sand  hilla.  A  high  cliff  of  itself  prevents  the  aocumu- 
lation  of  sand,  hut  a  Wiill,  even  if  very  low,  will  sometimes 
Bervo  ai*  the  foundation  of  a  wide  belt  of  high  dunes.  Thu: 
in  miU,  a  sand  dyke,  three  or  more  miles  in  length,  and 
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no  considemlile  height,  thrown  acroas  r  tide-washed  flitt  be- 
tAveen  the  Zuiderzee  iiud  the  North  Sea,  occasioned  the  forma- 
tiou  of  rows  of  dunes  n  mile  in  breadth.  A  few  yeara  since 
the  advance  of  the  sea  was  checked  very  effectuiilly  in  ft  aimiliu' 
way,  and  the  ishuid  of  Ameland  prevented  from  being  quite 
intetsjected  by  the  waves. 

Dunes  are  aometinies  protected  by  a  facing  of  stone,  or  by 
piles,  or  by  walla  and  buttresses  running  out  from  tlie  foot  of 
the  dune  to  low  water  mark,  These  methodg,  especirtllj  the 
latter,  iire  sometimes  adopted  on  the  chalk  cliffs  of  England,  find 
with  mui^U  success.  Burrowing  miitnals  should  be  carefully 
excluded,  as  they  are  the  csause  of  great  mischief,  admitting 
the  waves  which  soon  undermine  and  break  up  a  dune.  There 
are,  however,  certain  grassea,  creeping  plants  and  shrubs,  that 
are  admiratdj  adapted  by  their  liabits  of  growth  to  bind  to- 
gether the  shifting  sands  into  ft  solid  mass. 
!  As  many  ag  >i34  species  of  siuid  plants  are  known  to  bota- 

nists. Of  all  these  the  anaulo  rtremtria,  known  locally  by  vari- 
ous names, — ttiayram  being  that  used  in  some  parts  of  England, 
is  by  far  the  most  important  and  valuable.  It  ihiives  only  in 
loose  sajida,  aod  in  a  saline  atmosjdiere.  It  risen  only  to  a 
height  of  twenty-four  inches,  but  sends  strong  rooUf  and  root- 
lets to  a  diatance  of  forty  feet.  Its  roots  thna  bind  togetlier 
tlie  dunes,  and  the  leiives  slielter  tbe  surl'uce.  When  the 
sand  ceases  to  drift  the  plant  dies,  but  its  decnying  roots 
remain  fertilising  the  soil,  while  the  decomposing  leaves  asskt 
in  foruiijig  a  liiyer  of  vefrelaljlo  soil.  It  is  soon  followed  by 
a  ButMjession  of  other  plauts,  gradually  advancing  until  forest 
tresis  can  grow,  or  arable  sod  is  obtained.  The  protection  of 
dnnea  by  planting  has  been  largely  adopted  in  Franee.  where 
more  than  lUO.OOO  acres  of  land,  onca  shifting  sand  hills, 
have  been  completely  reclaimed,  aud  are  now  covered  with 
forests,  constituting  the  main  wealth  of  the  department  in 
■which  they  occur.  The  trees  adapted  to  sand  culture  are 
chicdy  pines,  which  aiYord  a  valuable  supply  of  resin  from  year 
to  year,  besides  the  timber. 

Very  extensive  iilantations  have  been  made  on  the  shifting 
sands  la  Austria,  between  Vienna  and  the  Sommering  Pass, 
in  the  great  plains  of  northern  Germany,  and  in  some  parts 
of  Poland.  On  the  other  hand,  the  neglect  of  aimilar  pre- 
cautions has  deatroyed  vast  tracts,  once  extremely  fertile  in  > 
kAfabia  and  Asia  Minor.     A  direct  result  of  the  cultive.tLqTi. <iC        1 
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sand  dunes  is  lh$  modification  of  climate,  and  tlie  deposit  of  a 
larger  quaatity  of  iiioisttire  iu  the  viciuity. 

idesides  the  ways  iu  wbicU  roan  has  already  modified  the 
climate  and  natural  features  of  the  earth,  hj  removing  or 
plaiitinp;  foiests,  constructing  embaukmenta.  making  or  empty- 
ing lakes,  ulteriug  the  coynse  of  streams,  checking  tanrents  and 
inundationSi  or  keepJT^g  otit  the  aea.  by  rnQking  or  fixing  im- 
passable barriers,  as  already  alluded  to  in  this  chapter,  there 
sre  others  yet  to  be  taken  into  account.  By  great  engineer 
iug  operations  he  has  it  in  hia  power  to  cut  across  isthmuses 
and  narrow  necks  of  land,  and  bring  into  contact  two  waters 
before  eeparated,  pcrhiips  esiBting  at  different  temperaturea, 
with  ditl'erent  inhabitants,  and  even  at  dilTereut  levels.  Jt  is 
impossible  to  exafjgerate  tlie  impoitance  of  such  works.  The 
isthmus  of  Suez  bein^  intersected  would  bnng  the  Mediter- 
raneati  into  the  Red  Sea,  and  eoiivey  the  Persitin  Gnlf  watere 
into  the  Mediterranean.  The  cutting  across  ol'  the  isthmus  of 
Darieo  would,  for  tbe  first  time  in  the  modem  history  of  the 
■vvorld,  bring  together  the  Atlantic  and  IW'ilic,  and  U"  a  suf- 
ficiently laj'ge  chimnel  were  ftftenvards  cut  by  the  water,  iuif,'kt 
moflify  or  alter  the  course  of  part  of  that  great  current  of  narm 
water  on  which  the  cliraiate  of  western  Europe  depends.  Either 
of  the50  would  open  a  vista  of  changes  which  could  not  be  under- 
stood in  all  their  bearings  until  centuries  had  elapsed.  Much 
Bmaller,  easier,  and  less  costly  works  than  these  are  capable  of 
hrjnging  about  great  results,  and  no  one  can  say  where  the 
chaugea  thus  induced  can  stop.  Evea  so  very  unimportant 
an  accident  as  the  falling^  of  an  iron  bolt  from  a  wreck  to  the 
bottom  of  the  water,  may  leave  a  permanent  mark  on  the 
world's  history,  for  where  such  an  event  has  happened  on 
sands  the  sands  have  almost  inevitably  become  cemented  hy 
the  oxide  of  iron  rapidly  formed,  and  permanent  eoUd  concre- 
tions, perhaps  of  considerable  si^e,  may  result.  The  exist- 
ence of  such  concretions  might  determine  other  more  impoi^ 
tant  results.  Not  long  ago  a  curious  deposit  oi  pebbles  and 
sand,  about  a  foot  thick,  was  observed  while  fonning  tbe 
harbour  of  Elsinore.  This  deposit  was  due  to  the  street- 
sweepings  of  the  town,  which  had  been  deposited  in  Bome 
comer  for  many  years,  and  had  been  distributed  over  the 
harbour  by  the  waves,  A  landowner  of  Malta  having  a  house 
and  garden  over  a  mariuo  cavern  thought  to  utilise  the  sea 
helow  by  making  a  hole  end  pumping  up  the  salt  water  fior 
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evaporation,  Tlie  result  was,  that  at  high  water  t!io  aea 
rushed  through  the  hole  thus  made  anJ  threatened  to  destroy 
the  house  and  injura  the  land  adjacent.  It  would  &eeni  that 
it  would  onl)^  have  heen  neceBsary  to  cover  the  hole,  but  once 
made  it  could  not  be  fitoppe^i  uji,  and  tlie  hou&e  becatna  unin- 
habitable. Every  one  familiar  with  the  sites  of  old  cities  in 
Ittdy  and  (Greece  must  have  noticed  the  inciedible  multitude 
of  potsherds  lying  about.  They  fonn  an  actual  geological 
formation.  The  Bamo  has  been  the  case  in  receut  times  with 
regard  to  the  heaps  of  ashes  and  rubbish  at  Cairo,  which  were 
BO  large  that  the  removal  of  them  by  Ibrahim  Pacha  was 
looked  on  as  one  of  tha  great  ivorka  of  the  age.  So,  also, 
in  all  old  cities  the  level  of  the  frround  is  above  the  ancient 
level.  The  present  pavement  of  Rome  is  twenty  feet  above 
the  ancient  road,  and  the  present  Appian  way  is  nearly  five 
feet  above  the  former  way.  The  towns  of  England  built 
on  the  site  of  old  Roman  stations  show  the  same  rise,  owing 
to  the  gradual  accumulation  of  rubbish.  Vast  heaps  of  ebells, 
iwscutnukted  during  centuries?  by  the  ancient  people  who  fed  on 
the  animals  once  within  them,  form  rows  of  hills  of  consider- 
able dimensions  in  some  parts  of  western  Europe. 

There  are  otker  human  operations  that  so  far  interfere  with 
tJie  ordinary  operatiouis  of  natore  as  to  be  worthy  some  notice 
before  concluding  thia  chapter. 

Thus  it  has  happened  more  than  once  in  coal  mining  dis- 
tricts that  whole  seams  of  coal  have  been  fired  and  destroyed. 
A  coal  mine  in  St.  Etienne  was  fired  in  the  fourteenth  century, 
and  continued  burning  for  centuries.  The  result  of  such 
accidents  must  involve  permaueat  alterations  of  several  kinds 
in  the  rocks  ai^acent.  Several  instances  of  the  kind  are  re- 
corded. Btds  of  peat,  also,  have  freq^uently  taken  fire,  owing 
to  tuismunagcmeut  or  carelessness. 

In  mines  of  other  kinds,  wliiere  large  excavations  have  been 
made  for  the  removal  of  metals  and  minerals,  the  result  in 
coiiraa  of  time  cannot  but  he  important,  for  way  la  thus  made 
for  the  passage  of  water  and  the  suhaequent  de^Misit  of  olher 
minerals.  It  is  impossible  to  doubt  that  in  this  mauuer  there 
is  a  foundation  laid  for  modifications  tliat  will  go  on  for  cen- 
turies or  even  thousands  of  years. 

The  extensive  removal  of  coal  from  tlio  earth  must  also  pro- 
duce important  rcsulta.     In  many  coal  fieida  whole  strata  of 
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sU,  eight  (If  ti'n  feet  of  solid  mJneml,  and  sometimes  much 
more,  are  taken  out  from  ii  gii'nt  depth.  It  cannot  but  follow 
tbnt  the  surface  rocks  sink  duwii  to  the  same  extent,  but  the 
sinking  lakes  phice  vi-ry  irrpgularly.  Where  the  rocks  are 
iriUle  they  bretikj  wheru  ihi^y  are  tough  they  are  squeezed  iuto 
the  int#retiW8  formed.  Dnwu  to  tlte  level  of  the  coal  removed 
the  whole  of  the  roeks  must  be  in-egiilAi-ly  fraelurHtl.  aud  re- 
main much  more  subject  to  the  iiifiltrutiuti  of  water  from  the 
surface  th^u  they  formerly  were.  Dei.'p  epriugs,  also,  tliftt 
would  formerly  have  risen  to  or  near  the  surface,  may  uo\t  he 
distributed  lon;»  before  they  reiichthe  surface-  And  this  work 
goes  on  on-r  hundreds  of  aquai-e  miles  of  country,  uiid  the  re- 
sult rauat  ultimately  ird^ucnce  tho  whole  of  the  cor]  countries. 

It  may  seem  difficult  to  imagine  a  limit  to  the  effects  pro- 
tluced,  after  a  lapse  of  centuries,  by  all  these  human  influences, 
for  their  <^ffectd  are  contiuually  iucrertsing  witliiu  nn  ever 
widening  circle.  But,  after  all,  thej  must  bs  recognised  as  a 
part  of  the  very  constitution  of  nature,  and  they  should  not  be 
regarded  as  interrupting  or  interferinfj  vrith  nature.  There  ia 
ample  pro^^lsion  for  nil  sniih  iiregularitieg.  and  all  of  them  to- 
gether only  repreeant  those  small  perturbationa  in  the  orbits 
of  the  enrth  and  planets,  which  are  as  much  a  part  of  the  sys- 
tcm  OS  is  the  (rejierii)  harmony  and  pt^rmanence  of  the  whole. 
Eveiy  [lart  of  tho  threat  mt  thod  of  creittion  is  perfect,  erenf 
apparent  iuterruption  and  modification  of  the  system  is,  ^^J 
fact,  ouly  a  part  of  the  system,  and  the  whole  is  goveniedi^^H 
it  vTas  desigued,  with  a  perfection  of  design  and  an  even  uot^ 
formity  of  fiction  that  leaves  no  roam  for  ioten-uptioQ,  mterpo- 
latioti,  or  novelty. 

It  is  true  that  this  view  of  the  government  of  tbe  uni- 
verse does  not  accord  with  the  feelings  of  those  who  desire  to 
have  their  nttention  directed  in  a  defluita  manner  to  the  re- 
peated and  systematic  pergonal  intervention  of  a  Divine  Power, 
and  who  canuot  recognise  tliis  Power  without  beuig  abJe  to 
tra{?e  whnt  ia  called  tlie  finger  or  the  hand  of  the  Creator  in  all 
His  works.  In  a  certain  sense  no  doubt  every  contrivance  or, 
in  other  words,  every  iirrangement  in  the  universe  may  be 
made  to  yield  evidence  of  this.  But  wc  would  venture  to 
Buggi'st  that  tho  noblest  view  of  creation,  and  a  Itnowledge  of 
the  real  greatness  of  the  Creator,  can  only  be  leftmt  by  thoae 
who  seek  to  discover  the  much  higher  and  nobler  intelligence 
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that  designed  the  whole  system.  That  there  should  be  an  in- 
terfering hand  is  a  mark  of  weakness  in  the  original  plan.  If 
the  structure  be  perfect  interference  is  not  necessary. 

All  true  science  has  for  its  object  not  only  the  observation 
of  facts,  but  the  invest^ation  of  methods  and  the  discovery  of 
laws.  These  laws  can  only  be  binding  and  unalterable  because 
they  cannot  be  changed  with  advantage — in  other  words,  be- 
cause they  are  perfect  as  being  instituted  by  One  who  is  him- 
self perfect.  The  science  of  physical  geography  requires  that 
we  should  discover  the  methods  originally  designed  to  secure 
the  existence  and  permanent  upholding  of  tiie  system  of  our 
earth.  It  is  true  that  we  may  never  be  able  to  do  this  tho- 
roughly, but  this,  at  any  rate,  should  be  the  object  in  view. 
There  is  a  real  history  to  b'e  learnt,  and  real  deductions  may 
be  drawn  from  it.  The  object  in  these  pi^es  has  been  to  nar- 
rate the  facts  and  so  much  of  the  history  as  can  be  regarded 
as  clearly  established. 
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A. 
fAab,  river,  155. 

z  Absorption  of  light,  its  meaning,  27 ; 
amount  of,  in  passing  througli 
tur,  225. 

AlMorption  of  heat,  by  a  moist  at- 
mosphere, 26. 

Abjasinian  sources  of  Kile,  161. 

Acalephee,  habits  of,  S64. 

Aconagua,  (Chili),  94,  307. 

Activity  of  volcanoes,  relative,  300. 
lAdansonia,  {baobab)  an  A&ioan  tree, 
B     344. 

Aden,  volcanoes  near,  304. 

Adige  nver,  157. 

Adler  Pass  (Alps),  75. 

.Slgean  invertebrata,  E.  Forbes  on, 
356. 

Affinity,  its  nature,  IS. 

Afrioa,  its  coast  line,  65  ;  a  country 
of  lofty  mountains  and  elerated 
plains,  71}  mountain  systems,  87  ; 
plateaux,  106;  low  plains,  114; 
rivers,  1 58  j  lakes,  179  j  water- 
falls, 185;  reptiles,  370 1  birds, 
373;  quadrupeds,  377. 

Ain,  river,  156. 

Air,  219  ;  diathermic  only  when 
dry,  25 ;  general  properties  of, 
221  ;  how  sept  in  motion,  236. 

Aiz,  Savoy,  change  of  temperature 
of  its  mineral  waters,  214. 

Aix-la-Chapelle,  gases  in  the  springs 
there,  207 ;  phosphates  found 
there,  209. 


Alabama  river,  162. 

Albano  lake,  175 ;  effect  of  draining, 
432. 

Albatross,  habit  of,  357. 

Albert-Ifyanza  lake,  179. 

Aletsch  glacier,  197. 

Alexandrian  lake,  181. 

Alleghany  mountains,  95. 

Alpine  chain,  75,  76  ;  glaciers,  197 ; 
the  home  of  certain  plants,  339. 

Alps,  sbpea  of,  71  ;  snow  line, 
189. 

Alsace,  its  climate  affected  by  the 
removal  of  the  forests  of  the 
Tosges,  425, 

Altai  mountains,  84. 

Alteration  of  strata,  41. 

Altered  rocks,  bow  produced,  7. 

Altmiihl  river,  157. 

Aluminium,  13. 

Amazons,  valley  of,  102  ;  connected 
with  Orinoco  by  a  natural  canal, 
152 ;  river,  160 ;  flora  of,  343. 

America,  coast  line,  66 ;  a  country 
of  plains,  71 ;  mountain  systems, 
89 ;  plateaux,  107 ;  low  plains, 
114;  rivers,  159;  lakes,  181; 
water&lls,  186  ;  west  coast  almost 
rainless,  262  j  how  &r  a  change  of 
direction  in  the  Gulf  streun 
would  affect  its  climate,  275 ; 
earthquake  action  in  South,  322  ; 
earthquakes  of  North  and  craitral, 
327;   reptiles,  370  •,  bvE<3*,  ^.l*?*-. 
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Ard^clie,  rirer,  15€> 

Arew,  of  Und  and  natcr,  59 1  of  Eu- 

ropean earthquake  action,  326. 
Ari^lina,  {Japan)  hot  springi,  SOi. 

1            Amorp'hoz.oa*  fossil,  358, 

^^^       AjLujm,  Qowin^TiapbthA  Wull  atj  311. 

ArkAnsu  rlTor,  161  j  apziugi  bmt. 

^^h     Andnman  tslfiud^,  ToLoanic,  306- 

204. 

^H     Anf^e^T  slope:^  o^    71  -,  ginwral  ac- 

AnDenia,  plaini  oi,  104 ;  bird»  ot, 

^B          count  of,  91 ;  BQDW  Lne,  169. 

373;  thehoiQeofaoinecfHltmite* 

^H      JLa^u-a  rircr,  IT7- 

fruits,  3&0. 

^^        ^niTTLnI    ti^Eues    bad   conductors  of 

Amo  riyer,  156. 

[                lust,  S2. 

Arsenic  in  ttiiin.'ra!;  springs,  309, 

^^      Amnulsr  of  pkiue,  130;   pecaliar 

Artesian  springs,  30a. 

^^B           habiCe   at,   forvti-l   w<^tliL'r,  2ti3 ; 

ArtiL-ulata,  fo^fiil,  390. 

^^M          becoming  extinct,  355. 

Arancio  ar&iaria,  its  Talue  in  ficng 

^^1      Annelid^  habit  of,  361- 

sandp,  439- 

^H     AnnuiUa,  unturt-  of,  3^7. 

Asc^cDsion  IsUnd,  rolcanoes,  205. 

^H      AuopIotheTLOm,  416. 

Asia,  its  coast  line,  64 ;  account  ot, 

^^m     AatarcticflarBB,t}iL>iFagreem«it  witli 

66  ;  a  eountryof  loftv  motmtnirps 

^H        e«cb  Dthor,  3.^. 

and  high  plain?,    71 ;   it?  moun- 

^H     Antii^ua,  fosBil  wood,  209. 

tnins>  83;  Us  plateaux,  104:  lU 

^^H      Antiocli,  iasB  of  life  in  an  eartliqniike 

low  plains,  ll3  ;  its  rivers,  163 j 

^V          at,  318. 

its  lafcL'a,    177;    Tolf^anoM,  301j 

^H      AnticN^uia,  'knot  of,  US. 

oarthqnake  band  of,  322;  itstropt- 

^H       Anti'Rolar  pointBintlie  atmOEplierB, 

cal  vegetation,  341 ;  its  Arctic  «- 

■           234. 

gttatiaji.  350;  Its  reptiles,  371:  it* 

^^       Antitaiuais  cllci^l^  82. 

birds,  373  ;  its  quadruped^  376.. 

I              j\_ntirana   (Andes),  05. 

ABtlTuillSj  1. 

^_       Apeniiines,  V^  r  effect  of  r«LB'Ting 

Astrakhan  atepppg,  110. 

^B          foit>&ts  in.  125. 

Albuhuca  lake,  181. 

^V      Aph^iyx,  italmbitat,  374 ;  its  rcsam- 
f                 olflnce  to  Dinomis,  4X1. 

Atlantic  bofiin,  sub-dirisions,  129. 

AtlaiitiRoceuji,  126  ;  nrer^  drainicLi; 

L           Aqueous  acLiou,  uliat  It  dooa  in  the 

into,  153  ;  coTifcnffi  in,  352 ;  mud 

^K         earth,  52. 

madt»  up  of  for&miniEera,  389. 

^^1     Aqueous  rapour,,  r>es.iil'te  if  ipmoTed, 

Atla*  inoautD.ins,  8S. 

^H        2R  1  in  ah-,  2S3 ;  a  ladbnt,  2'}6, 

Atmosphere,  its  phenomena  can  oijlj 

^H     Arabia,  mouutniTi^,  87  ;  desert,  113  ; 

be  undoMtood  by  &  atudy  olpLj-  ] 

^^V         cf  ntral  plati^u,  114;  desert  almost 

i^ics,   2i)  ;    in  its  ordinanr  aMe 

^^B          rainlEiea,  £62  j    tropical,  ita  flonk. 

not  diathermic,  25  j    geueral  »c* 

■          34^1. 

count  of,  221, 

^H      Aracan  mountainfi,  S7. 

Aurora  horeslis  and  au^tr&lis,  31  [ 

^H      Axagua,    (Teuezueln,)    effect   of  te- 

considered  aa  a  weather  indioBtor, 

^^1          moTiiig'  wood  in^  -J^7. 

sao. 

^1     Aral  soa,  177. 

Australia, its coselliae.  65  i  itftUndt 

^H      Al-alD- Caspian  ploin^  110. 

66  ;    d  land  of  unwatert'd  plain.*. 

^H      Arauoaria,  the    Creee  of  this  geaua 

71;  mountains,  06;  platoaiu.  10*5; 

^H        cjmmcteristi?,  34^. 

plflina,    118;    riTirs,    165;  lalkos. 

^1     AictJe,  lauds,  62-,  highlatida,  107; 

181 ;  prer»lcQt  winds,  ^41;  vffxl 

^^1         ocean,  127  ;   nurrent,  147  ;   snow 

of  wPBt  ninds  OD  east  coast,  274; 

^^K        line   of,    189 ;    specits  cf  plunts. 

earthqunltL'  btoid  of.   333  ;    Tegf- 

^^M       nnge   of,  340  ^    Tegetatiou,    in 

tation,  344 1  birda,  374;  qiiMltu*  i 

^H      Northeru  Anin,  S&O.                        i 

...          . 
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•gne,    flWevic  in   its  mineral 

ingB,    209  ;  extinct  volcanoes 

314. 

nches,  192. 

ige  slopes  of  mountains,  60. 

shifiting  of  the  earth's,    8 ; 
incipal  direction  of  lands,  63. 
af  crystala,  ready  tranamission 
beat  throQgh,  22. 
s,  new  island,  317. 


B. 

LITE,  394. 

jrea    de    Luchon,  sulphur  in 

hs  at,  208. 

1  lake,  177. 

,  bitumen  at,  210. 

lake,  173. 

n,  a  continuation  of  the  Alps, 

ah,  lake,  177. 

!,  plaiQ,''110;  sea,  126;  its  tri- 

aries,  153. 

las,  home  of,  339. 

of  intense  earthquake  distur- 
ice,  321. 

9  of  clouds,  252. 
lb,  an  African  tree,  344. 
[68,  increase  of  temperature  of 
ings  at,  216. 
;ine,  account  o^  213. 
:n  lake,  176. 

neter,  account  of,  284 ;  dailj 
illatious  of,  223. 
t,  ancient  lava,  37. 
8,  oceanic,  128. 

hot  springs  of,  205. 
ohian  fossils,  405. 
of  Biscay,  its  waves,  141 ;  of 
ndy,  high  tide  in,  143. 
inite,  395. 

lun,  earthquakes  o^  S27 ;  effect 
planting  in,  425. 
ichistan  almost  rainless,  262. 
ITruachan,  (Scotland)  31. 
^fevis,  (Scotland)  81. 
imo,  the  iron'making  there  af- 
ted  the  climate,  425. 
salt  springs  of,  213. 


Bienne  lake,  1?4. 

Birds,  flight  foretels  weathCT,  283 ; 
belonging  to  the  sea,  357;  dis- 
tribution of,  372 ;  fossil,  410 ; 
effects  of  destroying,  423. 

Bismuth,  its  irregular  expansion,  21. 

Bitumen  with  hot  springs,  210. 

Bivalve  fossil  sh^s,  392. 

Blackdown  fossil  sponges,  388. 

Black  hills,  Mexico,  91. 

Black  Sea,  126  ;  its  colour,  139 ; 
mud  volcanoes  on  shores  of,  310. 

Black  Stream  of  Japan,  147, 

Blflckwater  river,  156. 

Blue  colour  of  the  sky,  230. 

Blue  grotto  at  Capri,  138. 

Blue  Nile,  158. 

Bodmin,  rain-faU  at,  260. 

Bohemia,  tin  oxide  in  mineral  waters 
of^  113 ;  Lisbon  earthquake  af- 
fected springs  of,  329. 

B5hmerwald,  mountains,  81. 

BoiUng  point  of  water  at  various 
elevations,  225. 

Boiling  springs,  205. 

BoUvian  Andes,  94. 

Bolsena  lake,  175. 

Bombon,  plain  of,  94. 

Bon-Chater, '  arsenic  in  springs  at, 
209. 

Boracic  acid  in  Tuscany,  209. 

Bore,  the  wave  so  called,  14p.  ' 

Borrowdale,  glacial  action  in,  198. 

Botanical  regions,  338 ;  of  the  Bri- 
tish islands,  348. 

Boulou  springs,  cobalt  and  nickel 
found  there,  213. 

Bourbon  I'Archambanlt,  springs  of, 
204. 

Brachiopoda,  391. 

Brahmapootra  river,  163. 

Braxil,  lakes,  183;  flora,  343. 

Brazil  current,  146. 

Brazilian  coast,  monsoons  of,  240. 

Brienz  lake,  174. 

Bristol  hot  springs,  205. 

Bristol  Channel,  high  tide  in,  143. 

British  islands,  70 ;  mountains,  81 ; 
plains,  102  ;  rivers,  155  ;  rain-fell, 
260 ;  climate,  271 ;  earthquakes, 
321 ;,  botanical  diatristft  q{^%4&. 
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Sryoioai  fossil,  390. 
BuUdinr  maifriaL,  §rnnite  gs,  35. 
ButtDrmoa,  wide  niiiK'B  of,  SGT. 
Bygle  Fjeld,  (ScundinnTia),  SO, 


0. 

Csannw,  a  new  metBl  discovenicl  in 

mineral  wattre,  20S, 
CairOt  rain  thpmmore  frequent  since 

the  plfliiting  of  tivea,  -^27  j  rqb- 

biah  hcapB  nt,  441. 
CailbneBH  ilags  contain  organic  n^- 

imnins,  401, 
ColftbrifL,  wcount  of,  liTe»lo»t  during 

earthqiiakizs  at,  iil8  ;  grciit  £aetli- 

□uates  olj  329. 
Ouatnite,  387. 
CalsareoiiB  soil,  iti   iLeat-ietaiaing 

power,  424. 
Calit'orainj  momitdim  of.  90  ;  great 

basin  of,  107  j  mmo  of  its  spriaga 

jidd  potash,  211. 
Cauals,  ualural,  4'34  j  BitiBcial,  435, 
iJ^mbriiin  ruclia,  foaeils  of,  44,  3S6. 
[  Chtnbrid^eHliire,  i-iyut^ts  of  the  feu 

drainHgB  on  climate^  430. 
Cti.jt6  of  Oood  Hope,  table   land^ 

106. 
Cape  de  Verd,  Tolcanoes,  305, 
Caraccae,   earthqaakc,    ^IT;    noise* 

during  dil  ecirtliijuake  therO;^  M9. 
Carbon  in  mineral  water^  209, 
Carbonate  of  lime,  ita  abundance  in 

rocks  of  certain  ages,  -J-? ;  found 

ill  wuttr,  207. 
Carbonat-e    of   Aoda    abundant     in 

Viuhv  wnl«r,  211. 
Carbonicacid  {jommon  in  water,  209. 
Carbonirerous  ayi^tem,  45. 
Caribbean  aea,  1^7. 
CarL^bad  spi-in^,  204  ;  contents  of, 

211;  LucmstMionS  in  wat&ra  of, 

212;  iron  at,  213. 
Carnio  AJpSj  76. 
Cai-oHne  Archipelago,  69, 
Cariiivora.,  how  distributed,  375. 
Carpathian  niountaiiiB,  78;  plateauj 

103. 


K  Cos 


Casiquiore  (n'atunA.  raik&l^,  160. 


Caspian  aen,  deposits  in^  iTl  i  eene- 
ral  actxmnt   of,    177;   mcid  t(A 
canoea  near,  310. 
CatBkiU  mountains,  95. 
"  Catd'  taUs,"  cloudia  ao-calkd  bn- 

tel  ffeather,  281. 
Cnncasiau  ehajn,  82  ;  Tolcnttoea,  80L 
Concaaqa,  Indian,  83. 
Contereta  springs  of,  20'1 ;  tempOT- 

turc  of  water  mcreaani^  214, 
Cavarabe  (Andfis),  SS, 
Ceicbi-'s,  ite  qnadrupedfi,  377. 
CelcstJrU    niotmtamfl    (Chimi),  ml- 

CaaOt's  ot"  306. 
Central    America,    pteins  ot  107; 

purtUqntttea  of,  322,  327. 
Centriil  Europe;  ita  flora,  349. 
Centra]  Fran™,  hot  aprjugsof)  2(S; 

Tolranoes  of,  314. 
Centres  of  crefitiou,  new,  353. 
Gaitre  of  diaturbano©  of  an  eSTti- 

quake  not  ea^  to  dieoorec,  Xtf). 
Centre,  specific,  381. 
Cephda^pis.fos&ii  tiab  so-called,  4O0- 
Cepbaloninf  effect  of  removing  forert 

in,  423. 
Cephalopoda,  foaell,  S94. 
Ciirennea  range,,   81  ;    eJTect   ot  tf 

moysl  of  tke  formate  of,^425. 
ChagoB  Archipelago,  70. 
Chalk,  47. 

Champlain,  I^'ke^  L&3. 
Chiingo  in  earLh*B  cseentricity,  4 
Change  of    rocks    aller  bemg  if 

poaifccd,  4y. 
Change  of  speciGc  fontt  in  txpHiX 

bein^B,  385. 
Changes,  possible,  in  the  disttibu- 

tion  of  Lind,  Gl, 
CMrjbdia,  148. 
Chand^  Aigusa  Bpiingai,  SOS. 
Cheirotherium,  405. 
Cheltenham  springs,  oontents,  211. 
CLtMnicfd  nction,  a  form  of  fanv, 

ly  J  a  form  of  motion,  27. 
Cliemieat  atHmt^  pToduoed  by  ebf 

tricity,  a7. 
Chemical   ehatige,    boir    riuisistent 

witli  apparent  ttflnquillity  of  iW 

earth,  51. 
CMem-see,  175. 
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Chili,  Andes  of,  93 ;  Toloanoee  of, 
-     807  ;  earthquakes  of,  S27,  3S0 ; 

draiDBge  of  lake  in,  433. 
Chilling  effect  of  radiation,  247. 
Gbiloe  earthquakes  at,  330. 
Ghimborazo  (Andes),  95. 
China,  snow   in,  189;    mud  toI- 
'    eanoee,  311. 
China  sea,  127. 

Chincha  islands,  guano  o^  358. 
Chlorine,  13. 
OhupchiU  river,  166. 
Circulation  of  water,  149;  of  the 

atmosphere,  237. 
CirrostratuB  douds,  252. 
Cirrus  clouds,  252 ;  foretelweathra', 

281. 
Ciril  year,  exact  length  of,  5. 
Clsy  slate,  39. 
Cleavage  of  slate,  39. 
Cliffi,  remarkable,  65. 
Climate,  affected  by  excentricity  of 

earth's  orbit,  4  ;  account  of,  266  ; 

change    of,    probable    in    recent 

times,  426. 
Clouds,  their  phenomena,  248 ;  their 

effect  on   climate,  272 ;    foretel 

weather,  281. 
Club-mosses,  of  Java,  342;  found 

fossil,  386. 
Clyde,  river,  155. 
Coal,  deposits  of,  386;   effects  of 

removing,  441. 
Coanza  river,  159. 
Coast  line,  an   important   pheno- 
menon, 62. 
Coast  lines  of  Europe  and  Asia,  64 ; 

of  Africa,  the  two  Americas,  and 

Australia,  65. 
Cobalt,  found  in  water  of,  at  Bou- 

lou  springs,  213. 
CoccosteuB,    fossil   fish    so-called, 

400. 
Cochabamba,  Sierra  o^  94. 
Cockles,  distribution  of,  393. 
Cod,  its  great  productiveness,  S60. 
Coese,  nitrogen  in  water  at,  208. 
Cohesion,  18, 
Col  du  Geant  (Alps),  75. 
Cold   diminished   by   presence    of 

forests,  426. 


Colorado  river  (Upper  California), 
165. 

Colour  of  sea  water,  138 ;  of  the 
atmosphere,  280  ;  of  meteors, 
244  ;  of  cirrus  clouds,  252 ;  of 
clouds  at  certain  times,  256. 

Columbia  river,  165. 

Combinations  of  common  elements, 
how  obtained,  11,  16. 

Comets,  2. 

Como,  lake,  174. 

Compass,  variation  of,  30. 

Composition  of  atmosphere,  221. 

Compression  of  the  earth,  3. 

Comrie  (Scotland)  earthquakes  ob- 
served at,  329. 

Conditions  iavoorable  for  vegetable 
Life,  338. 

Conduction  of  heat,  22. 

Confervfe  in  sea  water,  362. 

Coniferse,  fossil  remains  of,  386. 

Coniston,  rain-fiill  at,  260. 

Connecticut  river,  162. 

Constance,  lake,  174. 

Contact,  as  influencing  the  action 
offerees,  18. 

Content,  solid,  of  the  earth,  3. 

Contineuts  defined,  58. 

Conversion  of  forces  into  one  ano- 
ther, 28. 

Conversion  of  mist  into  cloud,  258. 

Copiapo,  earthquakes  at,  330. 

Copper,  in  mineral  springs,  213. 

Coprolites,  397. 

Coral  animal,  its  distribution,  364. 

Coral  islands,  68. 

Corals,  fossU,  390, 

Cordillera  of  the  Andes,  91. 

Coseguina,  volcano  of^  297. 

Cotopaxi  (Andes),  95 ;  volcano  of, 
297,  807  ;  noises  heard  during  an 
eruption  of,  319. 

Cotteswold  hills,  99. 

Crater,  volcanic,  294. 

Crimea,  mountains  of,  81 ;  mud  vol- 
canoes o^  310. 

Crocodiles,  distribution  of,  370; 
fossil,  409. 

Crowding  out  and  starvation  of  in- 
dividuals and  species  a  law  of 
nature,  384. 
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Ouitnefwni',  hftlitt  of,  360^ 

CryptalB,  convi^yanpe  cf  heat  along 
Xh.6  aii9  TDcre  rapid  in  Aome  cases 
tban  in  toiy  other  directJOD]  2S. 

Crypto^niiBj  336. 

Cuenni  moantftinB,  81. 

ClJtivution  of  land  in  Nortli  Ame- 
rica, 423. 

Ciimberlund,  lakea  of,  172 ;  gkoioL 
Riition  in,  IHS- 

C'moulo-sti^t.ua  t;louil=i,  SS3. 

Cumulus  f^lDuds^  ^52. 

Cuiran  Tuhol  (Iteland),  81. 

Currtiita,  niftrino,  1-14. 

CuttJc  ftsh,  Lflbits  of,  361. 

Cuico,  kiiot^  of,  a-k. 

Cycadp,  commoii  foBsils,  386. 

CJcloid  Bflhcs.  402. 

Cjcloni-^  stfjnna,  244. 

C^rus  liver,  16G. 


DaIXY  oeciUstions  of  |hc  barometer, 

223, 
DfJbo  late,  176. 
Dalmatian  mountains,  7S. 
Danube,  Talley,  101 ;    river,   157  j 

rapidfl  of,  185. 
Uark  linta  in  the  spectrum,  how 

f  iLuaed,  37 ;  appear&nce  of,  whi^a 

eet'n  in  the  upper  part,  of  the  at- 

mo^plitre,  23.4. 
Dftfling  riser,  165. 
Dartmoor  rain-fall,  3G0. 
DapwiiL,,  Mp.,  on  th&  origin  of  specie, 

3Si,  395. 
Dsad  sea,  depoaita  m,  171 1  account 

of,  179. 
Deccfin,  87  j  pUtfflu,  106. 
DecIduDUa  treea^  home  o^  338. 
Deep  BOumlings^  130. 
Deer  luke,  191, 
Definitfl  order  not  traceolile  in  atra- 

tilleii  roukfl^  41. 
Deflection  of  the  ii«;dlej  31. 
Delawftpe  piTeTj,  162. 
Deltas,  1*9, 
Dansity  of  rocks.  7. 
Dtiotduh,  pkteau  o^  105- 


Deptli,  difitribution  of  tneurme  mi- 

mala  in,  355. 
Depths  of  the  ocean,  60. 
Depwentirater  loVe,  173. 
Deb&guLidero,    plu-t'Sflu    of    (South 

America),  04,  lOS. 
Deserls,  thfir  Home,  350. 
DeTelopmentofi?omplei  plants,  337. 
Dt»w,  phenomena  <if,  246. 
Diaxnagnctic  metals.,  30. 
DiBthigrDUB,  meaning  of  the  tars, 

■DimtjledoiiB,  337. 

DicTiiodoti,  a  South  African  fOHJl 

reptile,  407. 
Dfrninunon  of  teiupepature  in  the 

upper  part  of  the  air,  225. 
Din^it'  niipa,  7S. 
DinomiSj.  411. 
Dispersion  of  light,  SS6. 
Distojiee  of  the  moon  from  the  eartlif 

4. 
Dietribytioti  of  kud,  53 ;  of  tol- 

eBQOes,  298 ;    of  ejtrtb£|iiakoe.  in 

time,  323  i    of  plants,   333  ^  oT 

imiamU,  354;    of  life  in  tinuf, 

37S. 
DiiturboDces,    magnetic,    31  ;    of 

Blrataj  41. 
Divibions  of  tbe  eutb^  how  pio- 

duced,  16. 
Dneiper  river,  157. 
Dniester  iiTer,  157, 
Dodo,  a  recently  eitinct  bird,  412- 
Don  river,  167. 
Dorirlo(,'Jie  river,  ISS. 
Double  reiractiou  of  light,  23S, 
DouTO  river,  156. 
Dovre  FjclJ  { Bean  din  avia),  60. 
Dmiwige  ar«ia,  167. 
Dr&inngQ,  its  influencs  on  olinrntA 

430. 
Dravo  riirBr,  157. 
Dredge  for  deep  aoundiuga,  130. 
Driinie  river,  156. 
Dry  air,  diathermic,  25, 
Dublin  rain-fell,  2e0. 
Bugong,  distribution  of,  357. 
Dunes,  their  value  in  checking  tht 

AdraneB  of  drifting  Baud,  437, 
Durance  rirer,  156. 
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DwinB  riTer,  16S. 

Dykes,  efibct  of  on  climate,  430; 
example  of  gigantic,  431. 


E. 

Eabth— its  revolution,  position, 
magnitude,  compression  and  sur- 
face, 3  ;  its  distance  from  the  sun, 
4 ;  how  regarded  in  a  treatise  on 
physical  geography,  16. 

Earth's  crust,  now  made  up,  6;  its 
estimated  thickness,  8. 

Earthquakes,  connection  with  vol- 
canoes, 316 ;  various  kinds,  318  ; 
destnictioD  to  hunoan  life  by,  318 ; 
alarm  felt  during,  S19 ;  accom- 
panying phenomena,  319 ;  distri- 
bution in  space,  320,  323  ;  gene- 
rat  conclusions  on  this  subject, 
323 ;  distribution  in  time,  323 ; 
seasons  of  most  earthquakes,  326  ; 
relation  to  moon's  age,  328;  small 
shocks,  '328;  example  of  violent 
earthquakes,  329 ;  distance  of 
point  of  origin,  330. 

Easter  island,  volcanic,  307. 

Ebro  river,  156. 

Eddies,  147. 

Edinburgh  rain-fall,  260. 

Eger  river,  154. 

Eggs  of  gigantic  birds  found  foasil, 
412. 

Egypt,  silicified  wood  of,  209;  result 
of  planting  in,  426. 

Eifel  springs,  rich  in  iron,  213. 

Elbe  river,  154. 

Elburz  (Caucasus),  account  of,  82  ; 
volcanic,  304. 

Elective  affinity,  15. 

Electric  current,  resulting  from  two 
metals  in  contact,  23. 

Electric  storms,  account  of,  242;  in- 
fluence climate,  273. 

Electrical  action,  during  change  of 
mist  into  cloud,  258. 

Electricity,  action  of,  19 ;  conduc- 
tion of,  22  ;  varieties  of,  23;  pro- 
duces magnetism,  27 ;  excited  by 
mere  heat,  27. 


Elements,  their  nature,  9.' 

Elephants,  417. 

Elevation,  of  strata,  41;  of  land,  pa- 
ralleled by  depressions  of  sea,  60. 

Elsinore,  curious  deposit  at,  440. 

Embankment  and  recovery  of  soil, 
its  effect  on  climate,  430. 

Embankments,  their  value  in  pre- 
venting inundation,  434. 

Enare  lake,  176. 

Engineering  works  as  iuHuencing 
natural  features,  440. 

England — mountains,  81;  plains, 
102;  rivers,  155;  lakes,  172; 
snow  falling  in,  190;  rain-fall, 
260;  climate,  271;  earthquakes, 
821 ;  compai-ison  of  its  flora  with 
others  in  Europe,  348. 

Entomostraca,  fossil,  390. 

Equatorial  mountain  range  in  Africa, 
89, 

Equilibrium  of  solar  system  com- 
plete, 6. 

Equinoxes,  5. 

Erie  lake,  182. 

Eruption  of  a  mud  volcano,  309.' 

Erzgebirge  (motmtiuns),  81. 

Essential  oils,  their  vapours  render 
air  opaque  to  heat  rays,  25. 

Estrella  mountains,  81. 

Ether,  extension  o^  2 ;  agency  of, 
in  producing  light  and  heat,  24. 

Etna,  account  of,  301. 

Eucalyptus,  chamcteristlc  of  Aus- 
tralian floras,  344. 

Euphorbia,  characteristic  of  African 
flora,  343. 

Euphrates  river,  163. 

Europe— coast  line,  64;  land,  66; 
hilly  and  mountainous,  7l ;  moim- 
tains,  75 ;  plateaux,  103 ;  lo^v 
plains,  110;  rivers,  153;  lakes, 
173 ;  waterfalls,  185  ;  climate, 
274;  climate  afibcted  by  Gulf 
stream,  275;  volcanoes,  300;  areas 
of  earthquake  action,  326. 

Evans,  Mr.,  on  shifting  of  the  earth's 
axis,  8. 

Evergreen  trees,  home  of,  339;  cha- 
racteriatie  of  southern  Europe, 
349. 


ETcentrlcitj  of  eurtVa  orbit,  4. 
Eipanslop  of  water  in  frct'iing,  I9I5 

of  air  wlira  Lmted,  224. 
Expansion  b^  lioit  not  uuirerBal,  21. 
Explosion,  Tolcanic,  31S. 
Eltilict  Tolcanoee,  314. 
ExtuictiDn  of  apeoisB^  35&,  419. 


F. 


rFAClSB  of  Tegctatiou — Ltd  mraning, 
343, 
Falkland  isUnde,  no  reptilra  in,  372. 
Euro  islands,  plat'f'flu  of,  106. 
E&ta  Morgana,  22S. 
Fjiunas,  inanui>,  compa-reil,  3B3. 

Fene^  drainage  of — effect  pn  cli- 
mata,  430. 

Ffirnci,  account  of,  33(i ;  tlie  c&m- 
moiiest  foaail  plflclfi,  3S6. 

PLc'htelgc^irga  (mouDtiiiTiB)r  SL. 

Fjords,  most  p<-mufkable,  Ga. 

Fim,  VJZ. 

Fishes,  Iinbita  of,  353  jremaiiia  found 
fosBU.  396. 

Piasurea  la  granite — tlieir  contente, 
35, 

Pitzroy,  j\diniral,  quoted,  245. 

Filled  etoTB  H^ontaici  eome  of  same 
elcmpntH  elb  the  earth,  9. 

Floating  of  clouds.  2G6. 

Ploor  of  Atlantic  Oc;i.=an,  ISl. 

Florae,  distinct,  how  ppodui^&d,  340; 
BpBciaL,  34-li  lndo-5falfljan,  S'it; 
JaToiijSlS;  Ilindoatan,  345;  tro- 
pi^I  Sontb  AmcricBQ,  313;  tro- 
pical Africai],  343;  Arabian,  344; 
AuBtmiian  and  Tifcw  Zealand,  3-15; 
^ortb  Amci-icitn,  345  ;  JBlanda  in 
the  Pflcific,  347;  temnerate  re- 
gions of  the  Old  World  in  Eiirope, 
348 ;  China  and  northern  Asia, 
SsD;  marine,  3&1. 

FInate  of  lime,  found  in  mineral 
waters  at  VicliT,  212- 

Fluidity,  how  proLlueed,  21. 

Fluorine,  13 ;  found  in  mineral 
gpringB,  209, 

Fog.  how  produced,  24S. 

Fog  beak,  255. 


Pootatepe  of  birds,  41Q. 
Poraminifera,  their  habitus,  3G5;  f»- 

ail,  3a8. 
Fqrbea,  Professor  E,,  on  the  distri- 
bution ofniarine  anmiala,  3^. 
Fon-MJ,  phyaiftti,  18  ;    litiver  lost,  20, 

23  ;  rejulvablo  into  Ufe,  28  j  M- 

pended   in   formation    and   CTl,' 

poration  of  i^tj*  363. 
Forces  i>f  nalure,  intorcLange^e, 

29. 
Forcbammar,  Dr.,  on  tLe  oontdntB 

of  aett  wiit^,  133. 
Foroet  vcgGtalion  of  Soutli  America, 

345. 
Forwte,  TPanlt  of  dpstToying,  451 ; 

their  elTect  oii,  tlie   atmosphfiw, 

424. 
Form  of  eartlij  irregular,  3. 
Forois  of  force,  identical,  28. 
ForniB  of  matter  on  the  eiuth,  0. 
Pormoea,  a  voleatiio  island^  307, 
FossU  footsteps,  403. 
Fosailsj  account,  oij  379. 
FrRTiee — moqntains,   81 ;   platt'ftIll^ 

103;    riTera,    155  i    Iftkea,    173; 

mineral  »prin^,  204^.  extinct  Tol- 

caiiQcs,    314;  earlhguokea,  337  i 

foreet  Innd  m^  439, 
FroDconion  Switficrlfind^  1C>0. 
Pni&er  river,  1G4. 
Fnctioii,    action    of^   m    prodmaag 

lieat,  30. 
Friesbnd.  coast  oC,  ofT^t  of  djim 

there,  4.31. 
Prigato  bird,  liflbil  of,  3S7, 
Fucinus  laiie,  eAuct  of  dratniiig',  i3S. 
Fulda  river,  154. 
FundamenCd  roeks,  33, 
Fungi,  growth  of,  33@, 


G. 

Q-AiAPAaoa  Mlands,  volcanic,  307^ 

ilora  of,  347. 
Gambia  river,  159, 
GangBB,  Tallof,  101 ;  WTflr,  163. 
Ganoid  flalies,  4t>l. 
Gaps  in  goological  aueoeauoa,  44. 
Gurd  rif Er,  1&6. 
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Tsriep  riTer,  159. 
&iiromiB  riTfr,  156. 
GrBscs — their  iiiBiience  in  destroying 

tlte  dLathcpiuisin  of  flry  air,  2&  j 

the;  absorb  Ike  titmb  rajps  that 

thej  trtuit,  S7j  tlioee  found  in  sea 

wnt-er,  135, 
&aecoDv,  moTiuf  sanda  on  coast  of, 

43S. 
G}«zoHt,    organic    matter    emitted 

tlience,  314. 
&oncTa,  lake,  173. 
Geographical  posi&ion,  an  element  of 

tliiPBte,  270. 
Geologic   record,  imperfectjoa    of, 

896. 
Geology,  fi  part  of  pbjeifMjl  geogra- 

phjt  IG  ;  aCCDunt  of,  ^'i. 
Gmrnanic  plains,  110. 
Germemy,  north,  its  crops  dioterio- 

rated    by    clearing   the   forests, 

OrByaera,  noticed,  306 ;  ailica  depo- 

aited  moar,  20D. 
Eth^tsof  India,  account  oi^S7;  min* 

full,  239. 
Qirgenti,  mud  ToI{!aDoes  near,  all, 

3ft3, 
G-Lroiide  mer,  l&G. 
Q-laciid  period,  bow  caiieed,  5. 
GHfloifll  action  on  roct,  200. 
Glflcieis,  of  Alps,  76  ;  of  Prrcncca, 

7S ;  of  Ilimiilnja,iia.  8-t,  197  ;  of 

Hew  Zcialand,   9(>,  197  j    general 

pbenomenaof,  193j  of  Greenland, 

197. 
GkiriuG,  found  at  Bex,  213. 
Glass  Dot  di&thcrniic,  35. 
Glockncr,  GrouBe  (Tyiol),  76. 
Gniiiea,  38. 
Goats,  the  deetniciion  they  amae 

to  young  tree9>  432. 
Goli,  pkiti3  of,  8fi  ;  dcaert  of,  106  j 

nlmost  rainkss,  2B2. 
God^T^ry  riTCT,  163. 
Godwen-AyBten,  Capt.,  on.  Hima- 

l&yELu  gluuiers,  197. 
Govemiuinit  of  tlie  univerBej general 

Temarka  on,  442, 
Graliani  ialatid,  303. 
Grtin  ntar,  157. 


Granite,  not  tdtroys  ancient,  of 
formed  at  great  depth,  7 ;  aa- 
COUTit  of,  33  ;  has  not  been  fusujdj 
36  ;  n  tnctflitioiTphic  rock,  &1. 

Graptolites,  faaaila  BO-callod,  S69, 

GrttTul,  de]ios]fc  of,  47. 

Gravitation,  18. 

Groat  Bftaiu  of  California,  107. 

Great  Bear  l&ke,  181. 

Greut  Fish  river,  163. 

Grt-at  Glockner  (rTrol),  76. 

Great  SbtTP  kkc,  181. 

Greek  Archipelago,  earthqujike  bund 
through,  323;  volcanoeH  of,  364. 

Greenland,  glaciers  of,  197. 

Grconfttono,  a  water-formed  rock,  51 

Grotesque  clouds,  353. 

Ground  swell,  141. 

Grouping,  of  rocks,  45;  of  land,  62. 

GundalqiiiTJr  river,  15G- 

Guadarama  mountains,  81. 

Guadiana  rirer,  \b^. 

Guano  of  Iquique,  3&8. 

Guatemala,  table  LaniL  of,  107  ;  Tol> 
canoes,  808. 

Guiouia  moUntaiu  (FIndua),  7S. 

Gulf  of  Mexico,  137. 

Golf  stream,  account  of,  145;  effeot 
of  ch(ing;e  in  Ita  direction  on  cli* 
m&tQB,  275. 

Gum  trL=e,  chttracteriatic  of  Austra- 
lian iiorua,  344. 


H. 

Haa^LEMj  drainage  of  lake  of,  432. 
Haast ,  Dr.,  on  New  Zealand  glflcierg, 

197. 
Qail,  its  foiULtition,  190 ;  hecomea 

mora  eomition  when  foresti  are 

removeti,  42^-1. 
Halos,  how  prodnocd,  231  s  wh^era 

formed,  252, 
ITamite,  394. 
Handet  falls,  l&l. 
Uauhai  desert,  105. 
Hardjr  pLantn  range  widelyt  341. 
Unrta  mouutaina,  81. 
Hawaii,  volcanoes  of,  295. 
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10 ;  a  fonn  of  torvo.  IP,  21  ;  how 
pr(>duwdt  lU  i  coniJitcCion  of,  22  ; 
m^elE  b^C  alonj;  thi?  axis  of 
orii-ilalA,  22  ;  dpeelopfd  bj  olec- 
tncitTT,  22  !  L'iciU's  eWtiieity,  27  ; 
it*  ioflupnce  on  ebemieol  actioiii 
27  i  iiu  t^ftaential  port  of  climate, 
265. 

He&l  rajB,  their  position  m  the 
spectrum,  23. 

Heola,  account  of,  305. 

Heated  wire  conductB  electricity 
more  slowly  tliao  when  cckiI,  23. 

Height,  ordiiiarr,  of  cloudflj  249, 

HeUtoDc  rain-faU,  tiiO. 

Hmslow,  Prof.,  ou  phosphatic  foa- 
■ila.  417. 

Herringj  its  distributicwit  369, 

HcttiTQpoda.  foseil,  394. 

Hlelmikr  lake,  17(>- 

High  poaki  of  the  Alps,  75, 

HUla,  deEnitioii  of,  lf7  j  ftandj,  in 
France  and  Africa,  437. 

lliuiolam,  slopps  of,  71 ',  mountnin 
c^iiain,  *f3i  snow  line,  IS9;  j^laciivrs, 
197;  litnils  of  Irtifis  On,331l^  cer- 
tain dowers  obtained  from,  350, 

HinduBtHO,  moutitains  of,  87  ;  flora 
of,  3il. 

Hifldu-Koosb,  S3. 

HIppurite  limestooe,  393. 

Hoaug-ho  rir&r,  164. 

Hoiin^,  nerurd,  of  planta,  339. 

Hooker,  Dr.,  on  fossil  foraminifera,, 
3«9. 

Hopkine,  Mr.  W.,  on  rigidity  of 
rooks,  8. 

Horizontal  sp&ce,  distribution  of 
plants  in,  336. 

Hors6,  b  natire  of  vrcBtom  AaIo,  354. 

Hor&e  letitudca,  239. 

Hot  springs,  205. 

Huanueo,  knot  of,  94. 

Hiideon  river,  1G3. 

Human  influence,  ou  climate,  277  i 
on  innmmi3.te  oature,  421. 

Huuiftli  iiitoi^jjt  of  plains,  121. 

HumboMt,  bia  th€Oiry  of  rolcanoes, 
313. 

Humboldt's  current,  117. 


Hiuniditv,  chnracterbtic  of  ociUia 

climated,  347. 
Humus,    ila    hmi-rriaiame   power, 

425_ 
Huinioinig   birds,   cljar*cteri«tic  «f 

America,  374. 
Huron,  lake,  1H2. 
H^dro'HU'bonfl,    found  in  minoil 

springa,  210. 
Hydrochloric     acid,     in     minenl 

epringa,  ^}S. 
Hvdrogea  gne,  12, 


IdebiaiT  plateau,  103,  104. 
\^iS,  not  diathermic,  2,6;  pbcQon 

o£,  laa. 

iL'sbiTgA,  aatuTD  o^   194  j    ia  llrirl 

Atlantic,  199, 
Iceland^  epring^a,   205  ;    roii 

305  )  Barth(juake»,  326. 
IchuoVog^j-,  403. 
lehthyogsTimSr  406. 
IdeulLlicatioa  of  strata bv  foesU^'^' 
Ille,  river  (G^rman^'J,  155. 
HmeB,  lake,  iTfi- 
Irapaet>  teat-  the  pesult  of,  20. 
ImpBrfHCtion  of  tho  geolojjio  recori, 

S96. 
Impreesi'Dnft  of  aniiDali,  ^.,  bow 

Sreeervei,  404. 
oatmctilility  of  force,  28. 
lodiiii  inonntainB  of,  87  ;  nortliem 

earthquake  band  of,  323. 
India-rubber,  its    irregnlar  expidi' 

eioD,  2i. 
Indian  Archipelago,  69  ;   binJa  cf, 

373. 
Indian  Cauoanns,  S3. 
Indian  Ocean,  ialanda  of,  70;  aoooSDl' 

of,  127. 
Indi^fbirka  river,  16B. 
Indo-.in^traliuu  archipelago^  311. 
Indo-MiJayan  llora,  341. 
Indus  rifer,  163. 

Inei^ualitiea  of  carth'a  aurfocc,  16. 
luflunnce  of  man  O'n  manimitbe  ol- 

ture,  421. 


IKDEX. 


455 


Inlets,  position  of  remarkable,  65. 

Inn,  river,  157. 

Inosculating  rivers,  152,  160. 

Insects,  foretel  weather,  283j  distri- 
bution of,  366. 

Interior  of  the  earth,  6 ;  its  den- 
sity, 8. 

Intermittent  springs,  215. 

Introduction  of  new  forms  of  life, 
397. 

Inundation  prevented  by  embank- 
ment, 434. 

Ionian  islande,  result  of  removing 
forest  in,  422. 

Iquigue,  guano  on,  358. 

Irawaddj  river,  164. 

Irak  plains,  105. 

Ireland,  mountains  of,  81;  plateau 
of,  106  ;  lakes,  173 }  rain-fall  in, 
260;  its  flora  compared  with  that 
of  Spain,  348. 

"Iron,  13 ;  polarity  of,  29  j  in  spring 
water,  213. 

Iron  ores  in  limestone,  50. 

Irregularity  of  motions  of  earth  and 
planets,  6. 

Irrigation  ae  a  human  agent,  4!33. 

Irtish,  river,  165. 

Isar,  river,  157. 

Ischia,  an  extinct  volcanio  district, 
363. 

Isere,  river,  156. 

Isker,  river,  157. 

Island,  new,  in  the  sea,  near  the 
Azores,  317. 

Islands,  groups  o^  58 ;  their  na- 
ture, 68. 

Isothermal  lines,  266. 

Isthmus  of  Suez  or  Darien,  result 
of  cutting  across,  440. 

Italy,  rivers,  156 ;  lakes,  174 ;  vol- 
canoes, 301 ;  mud  volcanoes  311 ; 
earthquakes,  327. 


J. 

Jaues,  Sir  H.,  on  the  shifting  of 

the  earth's  axis,  8. 
James  river,  162. 
Jan  Meyeu  island,  volcanoes,  805. 


Japan,  sea  of,  127;  hot  springs,  205; 
volcanoes,  307  j  mud  volcanoes, 
311. 

Java,  its  volcanoes,  306  ;  rich  m 
£ruita,  342  ;  reptiles,  369. 

Jasartes,  river,  167. 

Jorullo,  Mexico,  quoted  by  Hum- 
boldt, 313. 

Julian  Alps,  76. 


E. 

Kakabika  Jails,  187. 

£amtchatka,  volcanoes  of,  308  ; 
earthquakes,  322. 

Eenia,  mount  (Afiica),  89. 

£erman,  plains  of,  105. 

Kertoh,  mud  volcanoes  near,  310. 

Kilauea  crater,  295. 

Kilima-nJBTO  (Africa),  89  ;  snow- 
line on,  189. 

Killamey  lakes,  173. 

Kinzig,  river,  163. 

Kissingen,  intermittent  springs  of, 
215. 

Kistna,  river,  155. 

Kjoleu  range,  80. 

Knots  in  mountain  chains,  92. 

Koh-i-kwajeh,  lake,  178. 

Eosciuako,  mount  (Australia),  96. 

Kubajj,  river,  157. 

Euen-lin  mountains,  86. 

Kur,  river,  166. 

Kunle  islands,  earthquakes  o^  322. 


L. 

Labieihthodon,  405. 

Laccadives,  70. 

Ladak,  level  at,  105. 

Ladoga  lake,  176. 

Lahn  river,  155. 

Lagoons,  171. 

Lake  Champlain,  182;  Erie,  182; 
Garda,  174 ;  Huron,  182 ;  Mi- 
chigan, 182  ;  Nicaragua,  183  ; 
Okechobee,  182;  Ontario,  182  j 
Pontchartrain,  182 ;  St.  Caair, 
182  i    Su^edot^  161  -,   T*:\"s»r».^ 


45ft 


ISd;  VftQ,  ITS;  eartLquBke  band 

Lakes,  poditlon  of,  GG  ;  Alpine,  76  ; 
gcnftml  account  of,  169. 

Luncwhire  laoora,  rain-fiilil,  2G0. 

Iiand,  &7;  of  Europe  ft^id  Aak,  GG; 
of  AfricaaniULmBriai,  67i  of  AuA- 
tralJA,  GS;  nninials,  36i6j  plaats,  in 

Laud  »prii)gjs  203, 

Landen,  eand  IilLU  of,  438. 

Lapiilic,  OP  Toli!itoic  diist^  297. 

La  FUta  bar^in,  carLbquaJies  0^  SS7- 

Loa  Tfiiicberas  Hpriti^in,  214. 

Lfturt'b,  liauit^  of,  A'iii, 

LauroutiuLL  schieta,  '14. 

IiaTSf  BLib-HquBoiiB,  3'7. 

Law  ofspecies,  uot  kaown,  334. 

Lead  onw  in  limestone,  50. 

Leoda  run-foil.  24il, 

LeioGstet  roia-fiiU,  26L 

LeliikgB  riper,  177. 

jvcnft  riyer,  1(56, 

Length  of  axis  of  loads  of  Old 
World,,  63. 

Lcpidodi'tidronj  3S7. 

Lepic1i>tu3,  fusetl  Hah  lo  called^  ^1. 

Leuk  springs,  204. 

Lias,  4i:&. 

Liohenfi,  33<)j  home  of,  339. 

Life,  B.  reeult  of  force,  19;  how  re- 
l&tt^  to  forniB  of  farce,  2B  j  auc- 
ceflsio'ii  of,  33  ;  indicatiotLB  of  in 
ull  Rtmtified  rotikB,  42 ;  of  the 
earth,  its  naturcj  53;  iti  relation 
to  eir,  23S ;  £0-euatont  with  the 
UniYcree,  333;  uuivemaJ,  384. 

Light,  an  nndidalioTi  of  atoms,  23  - 
its  wuTSB  different  from  souad- 
waves,  23;  its  uliwiriition  in  f  Bal- 
ing tluvu^g^b  air^  :225. 

Lighiniiig,  243, 

LimtdtonuA.  mctamorpboecd,  SO  ; 
springs  in,  203. 

LioiiU  uf  limil  aud  waLcr  indeter- 
minate, T^, 

LinJt*  of  an  tarthqiiake,  321. 

Limits  of  certain  kiods  of  vegetable 
lifti,  338. 

Linf^loshLre,  eSfocts  of  the  draiDage 
of  the  fenn  on  climtL\£  a!,  4^0. 


Linrsr  roleanoes,  315. 

Line  of  no  rari&tioti,  30. 

Lino  of  coast,  important^  62. 

Lipari  islands,  302, 

lippo  rivor,  155- 

Lii'boi),  eartli<]Uiik«  of,  318,  329, 

Lithium,  not  rare  in  mineral  wnMn, 

211. 
Little  Russia,  et«ppefl  of,  110. 
Liverpool  rain-fall,  2t>0. 
Lisur^ji,  (Itatrihutton  of,  371. 
Llanos,  (jf  the  Orinoco,  114;  pwpW 

IIH. 
Lodes  or  metallic  veina,  3S. 
L(nlora  eprin^,  contents  of,  £11. 
Lofty  pluins  of  plateat^  66, 
Loira  riTer,  155. 
LomhardT,  irrigation  in,  434. 
Looming,'  230. 
Loi  Putos,  knot  of,  05. 
Low  Arthiptla^io,  99- 
Low  plsin^^,  108. 
Loxoe,  knot  of,  94. 
Lucerni^,  lake,  173, 
Lugano,  lake,  174. 
Lungum-eee,  173 ;  drmia^c  otilS. 
Luzon,  mteaso  i-art]iq^uake  utioa 

at,  3  £2. 
Ly^U,  Sir  0.,  liifl  thooiy  of  tokanoeat 

313, 

H. 

AliOEBNZis  rirer,  166, 
Mackerel  akj,  251. 
MachMFoduB,  41§. 
MadaansMT',  mountaina  of,  89;  f^ 

getution  of.  347. 
Maelntriim,  14-7. 
Mngdalena  riTtr,  150. 
MaggjcrPC,  lakf',  174. 
Magncflinn  aalts,  213. 
BiTagnetio  axia,  of  the  eortb,  29. 
Msguctie  intensity,  ctmnget  in,  31. 
Magi^etic  metals,  30. 
Mu^Dtic  ntx-dlsj  pheaomenB  o^SO^ 

31, 
Magnetic  storms,  31,  S43. 
Magnctij^m  produced  b^  eloptrioilrr, 

27  J  of  iron,  311, 
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Magnitude  of  the  earth,  3. 

Main  equatorial  current,  146. 

Maine  rirer,  155. 

Malar  lake,  176. 

Maldives,  70. 

Maledetta,  mount  (Pyrenees),  77. 

Mallet,  Mr.,  his  report  on  earth- 
quakes referred  to,  300,  322. 

Malta,  curious  result  of  digging 
through  the  roof  of  a  caTcm  in, 
440. 

Malva,  plateau,  105. 

Malvern  hilla,  98,  99. 

Mammalia,  extinct,  417. 

Mammala,  distribution  o^  375 ;  fos- 
sil chieflj  in  tertiary  rooks,  415. 

Manasa,  level  at  lake  of,  105. 

Manatee,  habit  of,  357. 

Man,  introduction  of,  355  j  early  in- 
dications of,  418;  his  influence  on 
inanimate  nature,  421. 

Maraiion  river,  160. 

Mare'a  tail  sky,  251. 

Marine  animaU,  distribution,  356  ; 
saurians,  AffJ, 

Marine  vegetation,  351. 

Marquesas  islands,  volcanic,  307. 

Marram,  the  English  name  of  Arujif 
do  arenaria^  439. 

Marsh,  Mr.,  his  work,  "Man  and 
Nature,"  421. 

Marsupial  quadrupeds,  377. 

Moss  of  the  air,  222. 

Masses  of  land  of  different  axial  di- 
rection, 63. 

Material  elements  of  the  earth,  8. 

Matter,  wide  extension  of,  2. 

Manna  Loa  (crater),  295. 

Mauritius,  recently  extinct-  birds  of, 
412. 

Maury,  Capt.,  bis  illustration  of  the 
freezing  of  salt  water,  136. 

Measurements  of  the  esuth,  57. 

Mediterranean  Sea,  126  J  state  of  the 
water,  134 ;  earthquakes  o^  327; 
flora  of  the  coasts,  349. 

MedusED,  habits  of,  364. 

Megalichthys,  fossil  fish  so  called, 
401. 

MegalosauruB,  408. 


Memel  river,  154. 

Menam  river,  164. 

Messina,  loss  of  life  daring  an  eartli- 
quake  in,  318. 

Metals,  most  important,  11 ;  good 
conductors  of  heat,  22 ;  relative 
conductive  powers,  22 ;  magnetic 
and  dia-magnetic,  30. 

Metamorphosis,  49. 

Meteorites,  1. 

Meteors,  1,  244. 

Meteorologist,  work  of,  287. 

Mexican  gulf,  127- 

Mexico,  mountains,  90;  northern 
part  almost  rainless,  262 ;  volca- 
noes, 308  J  destruction  of  Ufe  in 
an  earthquake,  318;  limits  of  palm 
on  its  mountoins,  339;  flora  o^ 
346. 

Michigan  lake,  182. 

Migration,  of  all  kinds,  dependant 
on  geographical  position,  121 ;  of 
plants,  \inder  circumstances  now 
unpossible,  340  ;  of  insects,  368 ; 

Mineral  springs,  203;  contents  of, 
206. 

Mineral  veins,  35. 

Minerals  that  make  up  rocks,  33. 

Mines,  changes  on  snrfece  produced 
by  working  them,  441. 

Mirage,  common  in  the  desert,  113; 
general  account  of,  228;  indicative 
of  change  in  weather,  230. 

Mississippi,  valley,  102;  river,  161. 

Missouri  river,  161. 

Mist,  how  produced,  348. 

Mistral,  increase  of  near  the  mouth 
of  the  Rhone,  when  the  Cevennes 
forests  were  removed,  435. 

Mixture,  not  combination,  15. 

Mobile  river,  162. 

Mock  suns,  262. 

Mode  of  action  of  forces,  19. 

Modena,  change  of  climate  owing  to 
the  removal  of  forest,  426. 

Moldau  river,  154. 

Molecular  change  produced  by  force, 
28. 

Molecular  transfer,  rate  of  in  various 
bodies,  22. 


I 

I 
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Molluscs,  diatribntion  of^  3G2;  foH- 

HoluiPCM,  theiar  (juartmpeds,  3?7. 

Monkers,  foflnil,  418. 

Mouocotvkdons,  330. 

MoDAoanB^  £39. 

Mont  Blanc  (Alpi),  75, 

Monte  Connc}  (ApesDineB),  SO. 

Monto  NnoTD,  i]04. 

Monte  Rosa  {.Upe),  75. 

Monto  Tulnuo  (Apcnniniffl),  301. 

Moon,  it»  position  id  epac^^,  3  ;  dis- 
tance and  Tnsgmtntlej  i ;  caitec  of 
iti  jiftTtial  illurninarion,  336  ;  in- 
fluencp  of  On  earthquakes,  328. 

Wi'rainei,  191. 
iOTHTB  rivCTj  157- 
,mbi(3^  river,  165. 
river,  153. 

Moseea,  338  >,  borne  of,  339- 

MotjoTij  not  liTnit(?d  to  mat^fleR,  3; 
results  of,  2  ;  of  nmtter  iii  epscc, 
2  j  of  eartli  alfeuted  by  tncion  and 
planet?,  6  j  pruiuwa  heatj  19,  21; 
light  as  ft  form  of,  33  ;  of  fitome 
proilucing  waves,  24  j  produced 
bjeleclriaitj,  27',  chemical  action 
a  form  of,  27;  of  glnciepa,  IQ'l; 
of  the  aiT^  S36 ;  of  clouds,  255. 

MatiBB  power  dfivelopcd  in  electri- 
city, 23. 

MsimtalnB,  71;  definition  of,  97. 

Mount,  Argffius  (Arraenia),  83  ; 
Brown  (Rocky  Mauutaina),  91 5 
Cook  (^'ew  Zealflud).  96;  Eg- 
mout  (rolcBuo),  307  ;  Elbura 
(Cn,ucasu8),82,a04i;  Eliae  (Rocky 
MouDtftin!^)i  Ml  i  T'areweathcr 
(Eocliy  >Loiirkt&ms),  91;  &uioina 
(Findua),  78 1  Hooker  (Rocky 
Mou.TiiBda9),91;  KoEciuslo  (Aiui- 
trcilia),96;  MtdBdctta  (Pjrontiea), 
77  i  Tfttra  (Cftrp&thinna),  78, 
iHouDtain  cbnioa,  74  j  aourcen  of 
rivera,  153  ^  divide  weather,  279; 
barriers,  prprauting  inigratioa  of 
animnlsj  367. 

Mountain  lakca,  thuir  remoral  aHectB 
climate,  4U3. 

Hoimtnin  slopes,  70. 


IVfoiauibique  rnrrent,  147. 

Mud  volcititioes,  30y. 

MtiIpt  Hapcn  (Sppiin),  81. 

Mull.'  ifland  of,  rain-fall.  360. 

ilulti^tK'idar  shelU,  3Sa. 

Murchisoii  falls,  l.'tHj. 

Sfurrav  rirei'.  Ifi5. 

Mussels,  dLstribiition  cf,  393. 

MiMtakh,  glaciers  of,  ly7. 

Mvlne,  air.,on  Scottish  earthquaka, 

326. 
MjTtl«ii,  liomB  of,  BZ9. 


Natitb  enlphur,  308. 

!N'atlird  oambinatioiia  of  elem'SDbf 

11. 
NatuTfll  proviupes,  3^2. 
NcttitiY,  huuia-n  mllucuce  on,  421. 
Neckur  river,  loo. 
Ni^ns,  waters  of,  203. 
Neutihfltel  lake,  17-I'. 
NeutJedJpr-tfM,  175. 
Neutral  points  in  the  atnioapliefv, 

234. 
JJera  riFer,  154, 
NfiTC,  193. 

New  Guinea,  69;  moontairis  ef,  96. 
New  rpd  sandatonej  fosails  of,  410. 
New  Zonlnnd,  ea  ;  gkei£r9,96, 197i 

mountuina,  96;  toIcsiiobb,  307; 

fuasil  birde,  411. 
Niagnra  falla,  186. 
Nii.iiragiui  Luke,  183, 
NSemen  riyer,  154. 
Nickel  at  Boulou  springa,  S13. 
Nicohar  i.-dnnds,  FoIcaQoeft  o£,  306. 
Niger  river,  169. 
Nile,  its  sources,  151  ;  riTcr,  158; 

earthquakf.^  bond   through    baain 

oriow^rj333. 
Niinbua  clouda,  253. 
Nitrogen  giu,  12;  in  spiing;  wabprs, 

2D7. 
Noi»e9  acoompantiQg  eartbouakes. 

319. 
Norfolk,  rain-fftU,  2CL 
Sorio  Alps,  76. 
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Norsta  Fjellen,  80. 

North  America,  coast  line,  65  j 
lakes,  181 ;  earthquakes,  327. 

North-eaat  and  north-west  mon< 
Hoons,  240. 

North  Sea,  state  of  the  water,  135. 

Northern  Asia  has  Arctic  vegeta- 
tion, 350. 

Norway,  waterialla,  184;  glaciers, 
197. 

Nyanza  lakes,  179. 

Nyassa  lake,  180. 


O. 

Oases  ia  the  desert,  US. 

Oaze,  the  Atlantic  mud,  131. 

Obe  river,  165. 

Ocean,  the,  125. 

Ocean  floor,  knowledge  of,  129. 

Oceanic  basins,  128. 

Oceans,  determined  by  protuberapee 

of  land,  60. 
Ohio  river,  161. 
Oil,  springs  of,  210. 
Olotte,  springs,  204. 
Onega,  lake,  176. 
Ontario,  lake,  182. 
Oolitic  rocks,  47;  vegetation  on,  387. 
Opposing  winds,  result  of,  271. 
Orange  river,  159. 
Orchids  of  Java,  842. 
Oregon  river,  great  basin  of,  107  j 

account  of,  165. 
Ores  of  iron  in  limestone,  50. 
Organic  contents  of  rocks,  46,  390. 
Organic   matter  in   springs,  213 ; 

in  volcanoes,  313. 
Origin,  of  water  supplies,  218  j  of 

volcanoes,  313. 
Orinoco  river,  connected  with  Ama- 
zons by  natural  canals,  152;  ao- 

count  of,  160. 
Oscillations  of  atoms,   simple^  or 

compound,  23. 
Oscillations  of  barometer,  223. 
Ostud-foss,  waterfall,  185. 
Ouse  river,  155. 
Owen,  Professor,  quoted,  397,  420. 


Owliyce.     See  Hawaii,  295. 

OxuB  river,  167. 

Oxygen  gas,  11. 

Oysters,  distribution  of,  392. 

Ozone,  its  effect  on  the  air,  25 ;  ren- 
ders air  opaque  to  heat,  25;  ac- 
count of,  272 ;  its  influence  on 
weather,  284. 


P. 

Pacitic  Ocean,  islands  of,  69;  gene- 
ral account  of,  127 ;  bottom  of, 
132 ;  its  currents,  147 ;  trade 
winds  of,  241 ;  reptiles  of,  358 ; 
mud  of,  composed  of  foraminifera, 
389  ;  South,  confervBe  in,  362. 

Pack-ice,  191. 

Paheontology,  its  meaning,  32,  379. 

Paheotherium,  416. 

Falseozoio  rocks,  45. 

Falgrare,  Mr.,  his  aooount  of  tiw 
Arabian  desert,  113. 

Palms,  home  of,  339 ;  value  o^  in 
checking  the  advance  of  sand,  436. 

Pampas,  115, 117. 

Panoanue,  a  characteristic  tree,  344. 

Pantelleria,  island  of,  302. 

Para  river,  160. 

Paraguay  river,  159. 

Paramos,  or  frozen  plains  of  the 
Andes,  92. 

Parana  river,  159. 

Parhelia  (mock  suns),  252. 

Paris,  bmlt  of  fossil  foraminifera, 
389. 

Farma,  change  of  climate  owing  to 
removal  of  forest,  425. 

Pasco,  knot  of,  94. 

Passes  of  the  Alps,  75. 

Patagonia,  Andes  of,  93;  steppes, 
108 ;  volcanoes,  307. 

Patemd,  mud  volcano,  309. 

Patos  lake,  183. 

Patrington,  rain-fall,  261. 

Peaks  of  the  Alps,  75. 

Penguins,  habits  of,  357. 

Fentacrinites,  fossil,  390. 

Periodic  changaa  at  c\im».\fe,'4aa» 
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Pcriodieol  rain? ,  259, 

Popoeatspetl  fTolcano)^  308. 

F*.'miunence,  iii  TialUra,  3S-i. 

Papayan  springs,  iron  atj  213. 

Pepmian  jH'riod,  meks  of,  46;  gladal 

Purco,  knot  of,  94. 

action  duriiig,  200. 

Porptiyry,  ita  TiBture,  36. 

Perfcy,  ProfesHOft  on  diitribution 

Poailiuti,  ^tio^aphiiral^  sHeeiwg  ^ 

uf  eartliqtiakc^fi,  3S3. 

mate,  270. 

1         PtTsifl,  table  kndB  of*  104;  ioaert 

Potaab  rurc  in  waters,  21L 

^H      ftLmoat  nin]ejiB.  20!!;  yidda  sere- 

Potojnao  rii'^er.  163. 

^^M      rnl  fruits  uullivatcd  in  ^E^gLuid, 

Potosi,  knot  of,  94. 

^M      349. 

Potslierda,  vaat   multitude  rotmd 

^1  Petrel,  habit  of«  357. 

old  cUies,  441. 

1^"    Peru,  Andes  of,  94^  Tolctuloea|,  307. 

Prairie's,  114* 

Ptftchora  river,  165. 

PrasBUre  in  deep  water,  137. 

Phiilippinp  lalsrids,  307. 

Preasureof  tLeRir,221 ;  aaclemcut 

1         Phlcegreaii  fii-lda,  363. 

of  climate,  2ti9. 

Phosphatic  foMila.,  417. 

Prismatic  epeetnini,  ns  eeen  in  flu 

Phopphonia,  13. 

liighe^r  part   of  ihd  atmosptiere, 

Physical  feiatiirps  of  the  enrtli,  61. 

234v 

^^m  PhyBiQiL]  forn'OB,  o^^c^^ujit  of,  18  ;  n- 

PTognoBticationfi  of  weather,  SSL 

^^B      ertod  in  criipDration  and  conden- 

Protozoa  foasilj  S83, 

^^T       Eatiou  of  rain,  2^3. 

Provinces,  of  niarinu  Tf getation,  3Sj 

Phjsu»f  lEs  iTDportBTico  in  physical 

natural,  382  ;  gi^ological,  4.1S. 

gcograpliy,  29. 

Prutli  TivoT,  157. 

1           Pi&zK&  Torre,  dcTaBtati'Qii   of  i^ood 

Plerichthya,  a  remarhable  fossil  flail, 

ohADning  llio  dimate,  435. 

400. 

1          Pilate  Meant,  clouds  on,  251, 

Ptprodflctyl,  40^. 

1         Pindiis  cbftiu,  78. 

PuPuo,  TiaA|Tn^Biim  Baits  at,  212. 

Pino  bartciia,  114. 

PuriTy  oficn,  191. 

Pines,  hfloie  of,  339  ;  limit  of,  340. 

Putriil  sea,  how  prodncod,  311. 

Plains,  66  ;  cloTBtt'd,  103. 

Pyajitrvi  laliB,  176.                         ^J 

PlanetJt  1. 

Pjmmidal  form  of  land,  63.      ^^1 

Plant  LDgiagreat  protecticm  to  d|ine8» 

P_;TJUDida,  tbo,  bmlt  of  fossil  m^^| 

439, 

mirdfera.  il89.                                ' 

PlatAj  Lb,  estuKry  of,  159. 

Pjfencan  ebaiiij  ■77. 

Plftteaui,  61,  102. 

Pyrenees,  hoi  ^prmgs  of,  20S. 

PlatLniwuj  a  bad  condMtor  of  elec- 

Prognostications    of    weather   only 

1               tTJcLty,  22, 

poflsible  a  short  pflriod  in  adTl^lce| 

Platt™-jeL-,  175. 

S&7. 

PleBiosaunip,  407. 

'          PlioBaiiniB,  407. 

Plomliiepca    springs,    conteiiti    of, 

Q- 

208  J  coiifervte  a,t.  214 ;  okaiigu 

1              in  tniaeral  c(i[it4.iDta  of  water,  317. 

QiTA&TtUFEns,  distiibutioQ.  of^  37&i 

1          Po,  river,  157. 

fo^^il  r^moiaa  of,   413 ;    extioct, 

Polar  cniirent,  147. 

Polar  forcL'A,  ttifitning  of,  29. 

417. 

Quantock  bills,  100, 

Pokrieatiou  of  li^ht,  233. 

Qnarrying  of  graiiitej  35. 

Pontcliartrain  late,  132. 

Qnitfj,   Andaa     ofi    95  5     vo\aaioeB, 

PoTizA  islands,  3^63. 

307 ;  great  earthquake  at,  318, 

_         Poale,  170. 

QuoEra  river,  l&O. 

\ 
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B. 

Kaab  river,  157. 

Hadiata  fossil,  390. 

Kadiation,  of  heat  from  aqueous 
vapour,  26;  of  motion  from  the 
earth,  29;  ita  general  results,  24£. 

Kadiant  power  of  light,  23, 

Kain,  production  of,  258 ;  without 
cloud,  263 ;  iuflueuoe  of  forest  on 
fall  of,  426. 

Sainhow,  231. 

Bain-clouds,  253. 

Eain-fall,  of  British  Islands,  259 ; 
total  on  the  earth,  261;  in  its 
relation  to  climate,  271 ;  some- 
times continuous  over  a  large 
area,  279. 

Bainless  regions,  262. 

Hange  of  fossils,  391. 

Bange  of  temperature,  an  element 
of  climate,  267. 

Bate  of  conduction  of  metals,  22. 

Itaranabrada,  level  at  lake  of^  105. 

Bavenna,  effect  of  removing  pine 
forests  of,  425. 

Baj,  its  appearance,  859. 

Beconstructed  rocks,  49. 

Bed  crag  and  its  contents,  417. 

Bed  river,  161. 

Bed  Sea,  evaporation  from,  144; 
volcanoes  oi,  304;  conferva  in, 
352. 

Beflection  of  light  in  the  air,  227. 

Befraction,  ordinary,  226;  unusual, 
228;  double,  233. 

Eegelation,  property  o^  195. 

Begen  river,  157. 

Begions,  botanical,  338 ;  of  marine 
vegetation,  351 ;  of  depth  in  dis- 
trmution  of  animals,  355. 

Bennel's  ciurrent,  147. 

Bepresentative  forms  of  plants,  340. 

Bepresentative  quadrupeds  of  South 
America,  378. 

Beptiles,  distribution,  of  marine 
species,  358;  of  land  species, 
369 ;  absence  of  in  certain  islands, 
372}  ibssil,  405, 409. 


Bevolution  of  planets,  8 ;  of  the 
earth,  5. 

Bhine,  valley,  101 ;  river,  154;  falls 
of  the,  184 ;  extinct  volcanoes  of, 
314  ;  basin,  earthquakes  of,  327. 

Bhododendrons,  home  of,  339 ;  li- 
mit of,  340. 

Bhone,  river,  156 ;  valley,  ice 
scratches  in,  197. 

Bbynchonella,  distribution  of,  392. 

Ehynchosaurus,  408. 

Bigidity  of  the  earth's  crust,  8. 

Bio  Bambo  earthquakes,  317. 

Bio  (river)  Bravo  del  Norte,  161 ; 
Grande,  161 ;  Negro,  160 ;  Yin- 
agre.  si^phurio  acid  at,  208. 

Bipon  fallfl,  186. 

Eipple,  140.  i 

Biukan-fos  (waterfall)^  185. 

Bivers,  149. 

Bivers  traversing  the  steppes  of 
Asia,  111. 

Biver  systems,  150. 

Boanoake  river,  162. 

Boches  moutonn^,  196. 

Bock  oil,  springs  of,  210. 

Bock  salt,  diathermic,  26. 

Bocks,  succession  o^  32. 

Bocky  Mountains,  slopes  of,  7lf 
90. 

Borne,  snow  at,  190. 

"Boyal  Charter"  storm,  243. 

Euhr  river,  155. 

Buskin,  Mr.,  hU  account  of  rain- 
clouds,  254. 


S. 

SiXLB  river,  154. 

Sacramento  river,  165. 

Sahara,   pltun  of,    113  j     prevalent 

winds  of,  241}  almost  rainless, 

262. 
Salses,  309. 
Salt,  quantity  of  in  the  sea,  188 ; 

deposits  in  lakes,  171 ;  absent  in 

ice,  191. 
Salt  lakes,  172. 
SaltnesB  of  the  sea,  132. 
Samen  mountains  (Africa),  89. 


I 

L 


Bjind^  its  licat-retammg;  pon-fFr  at  n, 

fiudp,  moving,  43G. 
■  Sand  bJlla  vary  Toliublo  for  shelter, 

486. 
Sandstonee,  liow    mctsmorplioBed, 

50. 
Sandwich    IshtatLs    yolcanic,  307; 

ftqra  of,  S+7. 
Bantorin  en3iitioii>  37,  364, 
Sttfid«  mer,  156. 
BargBSBO  BCD.  148. 
Bsnnntian  phkins,  103,  110. 
Burriyri-eey,  173- 

Safp-fo3  (wsti-rfflU),   181;. 

BtkiskjilclieTcili  river,  166. 
Bat>9ui>]&,  mud  Toli^anoes  of,  311. 
B^TUinah  nTer,  1G2. 
SaranTiah?,  Hi. 
Safe  river,  157. 
Baunan»,  murine,  407. 
S&xon  Switzerland,  100. 
StiatkdJnATL&a  mountain  chain,  80 ; 

peTimRulsr  E<4irthL]Ua!ki*s  of,  326. 
Bciivfell,  glacial  aotion  in,  1^. 
Scenery  of  the  AJps^,  75, 
Scents'  ciTfeut  of  ou  tlie  air,  25. 
SthnJIliauHCTi,  fnUa  of,  IHI. 
Bohn-ho  dosert,  105. 
Bcha-uio  desert,  105, 
Sclilaugunbad,  minemi   BpriogB    of, 

203. 
Schists,  thtir  usture,  38. 
Echiwelutch,  roluuio,  306. 
ScLenc-eT  its  objeota,  443. 
Bcirocco  increiwpd  in  Italy  miM  the 

ApemuneiB  wtte  cleared  of  wood, 

4&S. 
Sootch  mountains,  81. 
SootUiid,  plut'enu  of,  l(Xi  J  l^lcGs  of, 

173  i  TOin-fiil],  2(iO  ;  earth qiinkea 

v!,  32G,  3*28  :  its  Gam,  3it^ ;  c^bct 

crf'planLiug  in,  426. 
Soralfhefl  by  ice,  IHIJ. 
Serope,  Mr.  PoTilett,  his  work  on 

Tolcanoi^  of  Coatrid  France,  313. 
SaiiHR  lukf,  17ti, 
Sen  of  Azof,  12fi. 
Bim  of  Marmora,  126. 
Boa  Alps  of  California,  00. 
Bea  ani^nLoutis,  hiLbite  of^  364. 


Sea  horse,  its  bubit,  359. 

SiiB  wster,  132. 

Sea  vreeds,  growth  oU  S36. 

Sea!,  dUtribiition  of.  357. 

StiiuoTi,  it»  meftniiLg,  373. 

8*»thwait«  raiu-fal},  2t}0, 

Hwtfndarj  rooke,  46. 

SegTegiitUni,  41. 

SL-im-  hVlt,  155, 

Stiatan  Wke,  178- 

Selwtion,    iiAtuntl,    a   method  &f 

uiitixre,  383. 
Sfiipgal  river,  1S9. 
St^nsationaj  foretel  weather,  253. 
Strein.  its  aitttre,  263. 
Sel^tb  iiTor,  |57. 
SL'rpenline,  fossils  in,  44. 
Serpent^^  foEsil,  -409. 
Sovem,  Piilltfj,  101 ;  ri*er,  155. 
SlmilL^WE  of  clouds,  256, 
SliaUel  lake,  177- 
ghnricg,  fuasil,  tctj  eOlPniOD,  393- 
Sliirwft  Like,  180, 
Hlioctin^  stura,  1. 
&]dlf,  snow  line,  18R 
^ierni,  Mudre  (Meiico'),  90;  Mo- 

rmii.  Si !  Nevada,  81. 
Sigitlaria,  387. 

Siiei  in  mircnil  springB*  S07. 
gjUca  d«pc»Ced  ffoca  springs,  209. 
SQidfled  wood,  209, 
gilicium,  13. 
Sdutian  rocks,  45 ;  fossil  plants  1% 

386. 
SUuraid  &shee,  401. 
SilrasaiS. 

ginieto,  mud  voIcado  near  the,  909> 
Sir  river,  167. 

ahgo.  rain-fall,  2fiO. 

Blopea  ofki^-h  laud,  60 ;  of  moontaiii 
aides,  70, 

Sna«  llatton  (Brandinaria),  80. 

Snails,  distribution  of,  3y3. 

Seovf,  its  fgrmation,  189. 

Snow  line,  in  the  Pyrenwa,  77  ;  cm 
the  Hiraalayae,  81;  of  ClliUan 
Audits,  94  J  it»  limit,  1S9. 

Snowdou  OVa]ca),Sl. 

Snowv  mountainB  (Meiico),  90, 

Society  blands,  volcimiOj  307. 
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Soda  salts,  common  in  water,  211. 
BoiU,  heat-retaining  power  of  vari- 

OUB  kinds,  424. 
Solar  system,  one  group,  6 ;  account 

of,  7. 
Solfataxa,  364. 

Solid  matter  in  the  ocean,  133. 
Sound,  phenomena  of,  231. 
Boand  wares,  different  &om  light 

wares,  23. 
Soundings,  deep,  129. 
Sources  of  rivers,  151. 
South  America,  coast  line  of,  65 ; 
plateaux,  108;  plains,  115}  rivers, 
159  ;  lakes,  183  ;  prevalent  winds 
of,  241 ;  earthquakeB,  322 ;  flora 
of,  343  ;  its  birds,  373 }    quadru- 
peds, 377. 
South  Atlantic  current,  147. 
South  Down  hills,  99. 
South  Pacific,  conferva  in,  852. 
South  polar  current,  147. 
Southern  hemisphere,  hmit  of  snow 

in,  189. 
Southern  trade  winds,  289. 
Spain,  its   mountains,  81 ;   extinct 
volcanoes,  314;  earthquakes,  326; 
its  aridity  caused  bj  absence  of 
forests,  436. 
Special  floras,  341. 
Species,  natural  death  of,  336,  384; 
originates  at  certain  centres,  354; 
first  introduction  of,  378}  derived 
from  varieties,  386 ;  extinction  of, 
419. 
Specific  centre,  its  meaning,  381. 
Specific  gravity,  of  rocks  supposed 
to  be  diiferent  in  the  two  hemis- 
pheres, 59  ;  of  sea  water,  133. 
Spectrum,  derived  from  a  pencil  of 
rays,  23  ;  seen  in  higher  part  of 
the  atmosphere,  234. 
Spectrum  analysis,  9,  27 ;  used  in 
detecting  trails  of  elements,  206. 
Spherical  form  of  heavenly  bodies,  3. 
Spiders,  distribution  of,  367. 
Spiral  motion  of  the  air  in  a  storm, 

237. 
Sponges,  distribution  of,  366 ;  fossil, 
388. 


Spree  river,  154. 

Spring  water  not  pure,  203. 

Springs,  account  of,  201 ;  of  rook 
oil,  210;  afiected  by  removing 
forests,  427. 

Sprudel  spring,  its  contents,.  206 ; 
incrustations,  212. 

Star-flshes  in  deep  water,  138 ;  dis- 
tribution of,  363 ;  fossil,  390, 

Stars,  connected  with  the  solar 
system,  6. 

Statistics  of  earthquakes,  summary 
ot  327. 

Staubbach  falls,  184. 

St.  Clair  hike,  182. 

St.  Etienne,cofd  mine  burning  there, 
441. 

St.  Helena,  volcano,  805. 

St.  Jean  de  Maurienne  (Savoy), 
earthquakes  at,  329. 

St.  Lawrence,  river,  162. 

St.  Laurent,  springs,  204. 

Sta.  Martha,  mountain  of,  Andes,  95. 

St.  Vincent,  eruption  of,  317. 

Steel,  how  made  magnetic,  29. 

Steppes,  110. 

Stonesfield  slate,  fossil  quadrupeds 
of,  414. 

Storms,  magnetic,  31 ;  general  ac- 
count of,  241;  their  effect  in  clear- 
ing the  air,  256  j  affect  weather, 
280. 

Storm-waves,  141. 

Strata,  and  stratified  rocks,  41. 

Stratification  of  granite  not  com- 
mon, 35. 

Stream  currents,  145. 

Streams,  natural,  reversed,  435. 

Stromboli,  volcano  of,  302. 

Struggle  for  existence,  among  plants, 
338 ;  the  law  of  nature,  384. 

Subdued  activity  of  volcanoes,  309. 

Sub-marine  eruptions,  364. 

Succession,  nature  of,  385. 

Succession  of  rocks,  32, 

Sulphate  of  soda,  deposited  from 
mineral  water,  211. 

Sulphur,  in  mineral  waters,  208. 

Sulphurio  add,  in  the  Bio  Yinaitre, 
208. 


^H  4Pi4                ^^^^F            i;;dex.                                          ^^^ 

^H    SnmbowB,  intense  om-thqunkc  nction 

lerior  of  the  earth,  7i  of  the  ^eu,  1 

^1         Bt,  322. 

13-1 J    of  salt    water  in   freezin;},  1 

^H    Siaziunarf  of  enrtbq^uake  etatifittCB, 

191 ;    of  caturttl   epnugs,  21-1 ;  1 

H        327. 

meark»  266.                                         1 

^H    Bim^  distance  bom  eartli,  4 ;  dimen- 

Teneriflfe,  upper  ciurents  obsemxl    1 

^H        WDQ0,  &;  a  source  of  Lt^At  oud 

thert,  23S.; 

^H         hghtj  2-i  ;  a  treutre  offeree,  28. 

Teugiz  laJc^,  177.                                   J 

SutiAct    oa    indifatit^e   of  weather^ 

Tertiary  rocks,  4.S  j    vegetation  of, 

292. 

387;    birds'    reiuaina    found  in, 

Sonset  eifDcls,  2&0. 

411 1    ini'lude  remains   of  niBny 

Superior,  kku,  181. 

quadrdpedH,  415. 

SujM>r.^poaition  of  rocks,  33. 

ThameSt  valley,  lOl ;  river,  15S, 

Surf,  141. 

ThoLss  river,  157- 

Burfuoo  of  the  earth,  what    It  in- 

Thermometer  as  a  wsatliar  indicator, 

^H         eludes,  16. 

2S5. 

^H     Surinam  reptiles,  370. 

Thian  Sclmn  mouQtains,  86;  vol- 

^^     SuspcKd,on  of  clouda,  251,  25G- 

cano(!a  of,  30(5. 

r            Bu^qudmnna  riyurs,  102. 

Thibet  plains^  105  ;  almost  rainiest, 

1            auaaai  rain-fulU  2G1. 

263, 

1            8well.  Lis  natiu^,  141. 

TlikknoBS  of  eairth''ft  tolid  crustj  8. 

^^     BwitztS'i'land,  its  mountains,  76  j  hilts, 

Thistles  of  the  steppes,  120. 
Thompson,  Fro£  W.,  on  rigidity  cf 

^H         98;  Ukee,  173  ;  waLer-ftdls,  181; 

^f        earthquakes  uf,  327. 

rocks,  8, 

^^     SyeuitOjits  nature  3S  ;  fanned  ■ffitli 

ThnisyniCEG,  lake,  175. 

1                 water,  51. 

Tbun,  lake,  174. 

Byria,  loss  of  life  in  aa  eartliqiiate 

Thunder-atonnSj  243. 

at,  318. 

Thar,  eivcr,  155, 

^^^ 

Tiber,  river,  156. 

^^^K^L 

Tiberias,  lake  of^  179. 

^^^^^F 

Tidfil  movemcnta  in  BIT,  2^59. 

^^^^^ 

Tidol  wave  derired  from  the  moon, 

^B     Tj^LG-uomfunr,  obuda  of,  251. 

4  J  general  account  of,  140. 

Tui^TLEktfigCL,  l[iku  dEFaioage  of^  4^3. 

Tierra  del  Fncgo,  Tolcanoes,  307. 

Tagufl  river,  loG. 

Tigris  river,  163. 

'£amnn,  mud  volcano i^  of,  310, 

Time,    didtribution.   of  CBxtUquitLkH 

Tftugnnvika  late,  180. 

in,  323, 

Tiirus,  i70. 

TiE'Oside,    in    iratep    of    minenl 

TumAn  gl!u:ier,  197. 

sp tinge,  213, 

Tatn,  aoimt  (CaTpathiana),  7S. 

Titanic  acid  in  watw,  213. 

TauruB  ohain,  82  ;  Tolcanic,  304. 

llticacH,  level  of  lake  of,   108 ;  M' 

Tchad,  lake,  170, 180. 

count:  of  lake,  Ifts. 

H      Teetii,  thdi*  abuiiiluiicc  Rud  uioful'- 

Tocantins  river,  IfiO. 

^H        lioaa  ds  fossils,  30y  j  p-Hbrd  early 

Toliraa.  (Andow),  fiS. 

^*        indicatioDa  of  qiiadriipede,  414. 

Tombi^bee  riverj  162. 

1           Ti^flifi,  mud  Folcanpcs  ubut,  310, 

Tdplitif,,  Lisbon  earthquake  affected    1 

1           Tehaiij  laic,  177. 

the  springs,  329.                              ' 

1          Temes  river,  157. 

Toneua,  Inke,  170,  181.                       1 

L         Tenjperatc  and  torrid  bobda,  ©uth* 

Torrents  diverted  in  Italy,  435. 

^^L       Qiiakea  most  common  then-,  323. 

Tortoises,  dietribiition  of,  371 ;  fos- 

^^^  Temperatxiro,  iacrea&e  of,  in  the  ia- 

fiil>  409, 

FouJTriialiiie,  peealiftr  in  the  way  it 

conducts  heat.  22. 
Trade  wiatls.  238. 
Trail  Bporency  to  h^t,  25. 
TniiiBjlTiuiiaii  rnoHntHioa,  78. 
Tree  fema,  iiome  of,  339. 
Trees,  growth   of,   337  ;    of  Nortii 

Am&rica,  346  ;  their  effect  on  the 

ftttcoepb^re,  ^4. 
TreBt  river,  155. 
TriafiBie  periodj  faseilB  of,  410. 
Trilobitcs,  391. 

Trincherae,  hob  apridgB  of,  305. 
iXrinidod  isknd   (South   Atlantic), 

305;    (West   ladies),  mud  toI- 

canoeB,  311, 
Trieton  cla  Cunha,  30&, 
QVopic?,  plants  of,  SS^J;  reptiles,  370. 
^scliikr  Dagh  fQalktin),  its  height, 

376. 
Taet-iae  (ly,  range  ofj  368. 
Ihmdra    ('St^ndlim'eia    and    Nortli 

Euaeia),  110. 
Turkey,  Tuault  of  irrigation  in,  434, 
TurrOite,  394, 
TWtLes    ia    Pacific    Euid   AiUtmliB, 

368 ;  foeail,  409. 
Tuscany]  corbQimtc  of  hmeui  i^prings 

o^  212. 
Tyndall,  Prof.^  on   the  iibBorption 

pf  heat,  26  i   hia  work   on  heat 

qii^oted,  20. 
Ty^^  of  &\1  lavnTicbpaia.  found  in 

oldest  rocks,  395. 
Tyroleso  Alps,  76. 
Twihght,  phenomena  of,  227. 


U. 

TTllbwateb  lake,  172. 

ITntier  ourrentB.how  prod  noed,  115, 

Utidulations  producing  cartliquakcs, 

SIB. 
Uniforicitj  of   weather   never   ei- 

inted,  2H9. 
United  3ta1d?s  counter  current,  147. 
UnivnlvcBj  fosBil,  393. 
Uiitor-B(*e,  147, 
CppCT  currents  of  air,  238. 


VAAt  river,  159. 

Vsl  di  Chmna,  Sdvedbj  human  con- 

triTancBB,  435. 
Valleys,  poaitioa    oi^   f^fj ;    geasral 

account  of,  100. 
Van  lake,   178 ;    earthquake   band 

through,  322^. 
Van    Ditfmen's    Land,    eartliquake 

band  probably  reachegj  323. 
Vapoor,  as  a  condition  of  weather, 

31  ;  does  not  allow  heat,  to  \iass 

through   it,   26 ;    atnK^pherG   trfl 

256. 
Tariatwn   of  the  compaes  neetUe, 

30h 
Varieties,  production  of,  385. 
Vegetabie  life,  its  great  pereifltency 

wherffl  posalblcj  422. 
Vegetation,  of  plains,  130  ;  limits  of, 

33&  ;  marine,  351  ;  foa^^til,  3^. 
Veins  of  granite,  31-, 
Touczuelih  TOonnt.aiG  chain  o^  95* 
VeraguEi,  Cordiih-ra  oi;  92. 
Yermilion    water  in   Bed   Sea  and 

Otlifomia,  139. 
Yertical    eleTfttions    ocuupanitivelv 

amall,  60- 
VeBtiTfius,  eniption  of  ash,  297  j  ac- 
count of,  363. 
Vibrations    producing   soundj   and 

those  producing  liglitj  S-i. 
Tiohy  WQ^tera,  account  o(,  211  j  con- 

tain  finals  of  lime,  &12 ;  Tari&bte 

spring  ftt,  2lS. 
Victoria-Mjanza  lako,  179. 
Tiigo  (Tolcano),  307. 
Vindhja  mcionfatnat  S7,  106, 
Yisibifit y*  wUpii  obtaiued  in  a  hcftted 

bodj,  M. 
Vistula  river,  164. 
Vital  cDETgy,  19  5  oonnected  with 

heat  find  electncit;^',  28 ;  a  form 

of  forco,  333. 


VokMuioes.— Dofinition,  28»3  ;  dls- 
tribatiou  on  the  earth,  298;  re- 
Intii'e position, 300;  epecinl  groups, 
KliiH,  301 ;  VMUviiia,  303  :  Greek 
ifilitnijg  unci  AeU  Minor,  304 ;  Ice* 
lundlL',  305  i  Ssmlwicl)  ifilaiidB» 
295,  307  r  South  Ameriran,  307  { 
mikrkB  of  decnyinj?  activity,  309; 
oxtiocl,  314  ;  mutufil  relfitiouff  of^ 
315. 

Volga  river,  lfi6. 

Vftlti'tTa,  bortMsic  springs  ol',  311. 

Volume  of  nflturtil  springs  TiiricBj 
21-k 

Varing-foa  (wfttei-Ml),  185. 

Vosges  nuiTintains,  81  ;  4;ffect  of  re- 
movnl  of  foroatfl  of^  "125. 


W, 

Aia  river,  157. 

Mn  hi]lB,  99. 

'tiioB,  motiutnins  of,  81,  98 ;  klcea, 

173  J  flora,  34S, 

WilHslmt,  Me.,  his  BLC(.:Oimt  of  tiic 
Tnilo  AuBtralian  Archipelago^  431. 

Wallrastadt  lake,  174. 

Wflllich,  Dr.,  liis  di?ep  aca  dredge, 
136 :  On  Btar-fljaha»  from  great 
depth,  363. 

Wttlriia,  distribution  of,  357. 

Wfttt-r,  permeates  rocks  at  gpc^t 
di'pths,  7  ;  its  iinportcnoe  in  tlie 
economy  of  uature,  15 ;  its  iiro- 
giilur  eiiptiDsiou,  21  ;  not  dJalhcr> 
mit;,  25  ;  it&  cdcP;^  aa  a  radimil^ 
2G5,  found  in  (granite,  37  ;  lbs  in- 
fluence in  mctamorplioaifli  50 ; 
genornl  account  ofj  125  ;  minerBl 
and  thormal,  203. 

WidBF-shBd,  1^. 

Wfttop  supply  of  eprings  affbebed  hj 
fore-fits,  -la?. 

Wttlcrfftlls,  184. 

Watepford,  PBin-fnU^  360. 

Watflp-portiug,  or  water-shed,  its 
monning',  l&O, 

"Wiivps,  of  sound    and  hght,   23 ; 


iiatar6,ai^,  uid  farce  of  ocetnie, 
139  ;  Bcooimt  of  tidiJ,  141. 
Wealden  rocTis,  47- 
Weathor,     affuctB     yield     of    eome 
eprinp,  SIR ;    accoimt   of,  377 1 
cIiaTiges  in  do  not  iSTolye  chADges 
of  chmAle,  2tl6 ;    aeyer  long  lb» 
Mine  in  tepapprate  climatact,  289. 
Weathering  of  hdlfl.  97- 
Weight  of  the  air,  233. 
Y        .  Dr.,  on  dew.  247. 
^     dem  late,  17G. 
Worra  riyer,  154. 
^   cs&r  rirer,  154. 

^Vest  Indian  ielands,  70;  Tolcaiinei 
of,  308 ;  eu'tb.quolsc^,  327  ;  turtles 
ofj  358. 
Weetmopdand  hikes,  172. 
Weter  lake,  176. 

Whales, how  di&tribtited, 3&6  i  gene- 
ral noti<7e  of,  417. 
Whiripoolfl,  147. 
Wiiife  KUe,  158, 
■yildbad  spring,  203  )  Contenta  of, 

20s  ;   titanic  aod  thaw,  213. 
Winftudermere  lake,  172. 
Wind  currents,  1'14. 
Wind  atorme,  341. 
Wind  wflTP^,  140, 

Winda,  gcmeml  account  of,  236  ;  re- 
"  dt   of  when   periodical    or  op- 
pos^ing  one  aiiotbor,  2'7l ;  afi'ect 
otimate,   274;  direction,  diiiEge, 
and     modie    of    ehangCj     forutej 
wtJAther,  383  ;  their  direction  and 
force  nfFtxjted  by  the  removal  of 
forests,  426. 
Winnipeg  lake,  181- 
WiQuipegooH  like,  181. 
WoUnstoa  late,  181. 
Wolvfia,  effect  of  doatroying  them, 

423. 
Wood  convi^^  to  &  distance  h$s 
caTTied    with    it    insect    flpMlM, 
368. 
Woodland,  qua^ntity  0^  needed  for  a 

coutifcry,  43!>. 
Wurm-aeej  175, 

Wuft*mberg,ar8etuo  in  the  eprings, 
309. 
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Tang-tbh-kiuho  riTer,  164. 

Tates,  Mr.  Jas.,  Mb  theory  of  the 
cause  of  irregularity  of  distribu- 
tion of  land,  60. 

Tear,  length  of,  5. 

"Yellow  riyer,  164. 

Yellow  B«i,  127. 

Yenesei  rivers,  165. 

Yorkshire  rain-fell,  261. 


:z. 

Zakbbsi,  river,  163 ;  Mb  of,  185. 
Zante,  bitumen  at,  210. 
Zino  ores  in  limestone,  50. 
Zones  of  elevation    correspond  to 

regions  of  depths  in  distribatiou 

of  animals,  355. 
Zurich  lake,  174. 


The  End. 
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